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ABSTRACT
Using the five per cent sample of the 1980 population 
census in North Sumatra, this study examines the 
relationship between household environmental factors and 
Infant Mortality Rate (IMR). The environmental factors are 
measured by the variables provided in the census data set: 
source of drinking water; floor area per member of 
household; and lavatory facility.
In order to also observe the impact of socio-economic 
status of the households, some socio-economic factors are 
used. The theoretical framework proposed by Mosley and Chen 
(1984) is used in this study, in order to indicate the 
linkage of the variables. However, not all of the factors 
in their model are included in the study due to the 
incompleteness of the census data.
The IMRs are estimated using the Trussell method of 
indirect estimation. It is assumed that the mortality 
pattern in Indonesia follows the 'West' model of Coale- 
Demeny model life tables. The values for IMRs are obtained 
through the measure of q3 (probability of dying between age 
0 and age three) which is proved to be the best estimate 
from the data analysis.
It is found that households which used piped-water as 
the source of drinking water had the lowest IMR. On the 
other hand, the highest IMR occurred among the households 
that used river-water as the source of drinking water. About 
18 per cent of the households in rural areas still used 
river-water as the source of drinking water, while piped- 
water was mainly available in urban areas.
The findings also show that the relationship between 
crowding, which is measured by floor space per person, and 
IMR is different from what was expected. This finding was 
possibly due to the fact that the traditional houses, which 
are larger, are usually made of lower quality housing 
materials. However, after controlling for the highest 
category of socio-economic variables it shows negative 
relation (the larger the room space per person, the lower 
the IMR). This means that the positive relationship only 
occurred for those of low socio-economic status.
Finally, it seems that the government of North Sumatra 
needs to provide or to encourage the use of lavatory 
facilities with septic-tanks in every household because it 
is found that with better lavatory facilities lower IMR's 
can be expected. The findings also show that the source of 
drinking water and the presence of lavatory facilities are 
factors in reducing IMR. Nevertheless, the improvement of 
maternal education, especially for those with little or no 
primary school education, and the provision of houses made 
of good materials could also help to reduce the level of 
infant mortality in North Sumatra.
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1CHAPTER I 
INTRODUCTION
1.1. Background and Objectives of the Study
The Infant Mortality Rate (IMR) is thought to be a good 
indicator of social and health conditions prevailing in a 
society. McDonald (1980:45-48) shows that the poorer 
countries in Africa and Asia had higher IMRs than the richer 
countries around the 1970s. He observes that African and 
Asian countries had IMRs in excess of 100 per 1,000 live 
births, whereas the IMRs of the most developed countries 
were below 20 per 1,000 live births.
In the case of Indonesia, the IMR is considered not 
only to be an indicator of social and health conditions, but 
also a reflection of equity of development and improvement 
of social welfare (Sumantri, 1987). Sumantri asserts that 
high infant mortality indicates that the equity of 
development and the improvement of social welfare have been 
unsuccessful. Indonesia is classified as a country having a 
high infant mortality rate (Grant, 1985 as cited in 
Sumantri, 1983:1-2). The rates based on the 1980 census 
vary regionally from the lowest figure of 62 per 1,000 live 
births in Daerah Istimewa Yogyakarta (Yogyakarta Special 
Region) to the highest of 187 per 1,000 live births in West 
Nusa Tenggara.
As mentioned before, the IMR in Indonesia is considered 
one of the development indicators. Accordingly, it is 
necessary to know the factors affecting it, so that 
government policies will be able to reduce it.
Traditionally, social scientists and medical scientists 
have taken different approaches in conducting research on 
child mortality. Social scientists place more emphasis on 
the association between socio-economic status and levels and
2patterns of mortality in the population. On the other hand, 
medical scientists have focussed their research on the
biological processes of diseases. Therefore, a new 
analytical approach combining social and medical 
methodologies into one coherent analytical framework of 
child survival has been introduced (Mosley and Chen, 1984).
In the social science approach there are usually no 
intermediate variables between socio-economic determinants 
and mortality. On the other hand, the medical science 
approach deals mostly with direct cause of death (as 
intermediate variables in social sciences). Therefore, a 
combination of the aproaches is needed. One of the 
intermediate variables that can be controlled is 
environmental contamination. Environmental contamination 
can cause life-threatening disease. Consequently, it is 
necessary to know how the intermediate variables operate in 
the socio-medical framework (see Figure I).
This study examines the relationship between particular 
household environmental factors and infant mortality rate. 
As a socio-medical approach, it is necessary to include 
indicators of socio-economic status of the household. 
Household environmental factors used in this study are 
'sources of drinking water', 'crowding' measured by 
floorspace per member of household, 'lavatory facilities in 
the household', and 'bathing place'. The socio-economic 
status variables used in the study are 'level of mother's 
completed education', 'household possessions' as a proxy 
for income, and 'housing conditions' manifested in housing 
construction materials.
The major objective of this study is to examine the 
effect of different environmental factors, and different 
socio-economic status on infant mortality rates. In order 
to meet these objectives, the confidence interval based on 
the standard deviation is used to determine significant 
differences between levels of mortality.
Figure 1
Operation of the Five Groups of Proximate Determinants on 
the Health Dynamics of a Population
Prevention
Treatment
SickHealthy
InjuryMaternalfactors
faltering
Growth Mortality
Nutrient
deficiency
Environmental
contamination
Socioeconomic Determinants
Personal Illness Control
Source : Mosley and Chen (1984: 29).
41.2. Background to the Area
1.2.1. Geographical and Demographic Features of 
North Sumatra
North Sumatra has a total area of 71,680 square 
kilometres which is about 3.69 per cent of Indonesia total 
region. The province in divided into eleven kabupaten 
(regencies) and six kotamadya (municipalities) (Central 
Bureau of Statistics (CBS), 1983a; Lubis, 1986).
The population of North Sumatra in 1980 was 
8,360,894 with an annual growth rate of 2.60 per cent for 
the period 1971-1980. That population increased from 
4,964,734 in 1961 and 6,621,831 in 1971. However, the 
annual growth rate decreased from 2.75 per cent for the 
period 1961-1971. This is reasonable, because the fertility 
as indicated by the Total Fertility Rate (TFR) was the 
highest compared to other regions, such as Sumatra as a 
whole or Indonesia. (see Table 1.1.). Those annual growth 
rates were still higher than those of Indonesia for the same 
periods (CBS, 1981).
The distribution of the population in the region was 
uneven. About 60 per cent of the population inhabited the 
eastern part of the province, particularly the fertile low­
land areas. The population density of North Sumatra was 
about 93 people per square kilometre in 1971, and increased 
to about 118 people per square kilometre in 1980. North 
Sumatra is much more sparsely populated than Java where the 
population densities were about 576 and about 690 people per 
square kilometre in 1971 and 1980 respectively (Abdurochim, 
1986).
Table 1.1.
Level and Trend of TFR in North 
Sumatra and Indonesia, 1967 - 1979
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Region
Total Fertility Rate
1967-1970 1970-1975 1976-1979
N. Sumatra 7.195 6.725 5.935
Sumatra 6.540 6.095 5.700
Indonesia 5.605 5.200 4.680
Source: Abdurochim, (1986:26).
In 1980 the proportion married in North Sumatra's total 
population was about 51 per cent for both sexes. For women 
aged 10-44 it was about 7 0 per cent. Fertility in North 
Sumatra was the highest in Indonesia for the period 1967- 
1970. Table 1.1. shows the level and trend of fertility 
measured by TFR.
Table 1.2.
Infant mortality rate per 1000 live births 
by sex and place of residence in North Sumatra, 
Indonesia, 1971-1980
Place of 
Residenc
1971 1980
:e
Male1) Female1) Total2) Male1) Female2) Total2)
Urban 102 85 na 76 60 70
Rural 127 108 na 103 85 94
Ruralt
Urban 122 103 120 98 81 89
Source : 1) Biro Pusat Statistik (CBS), (1983b:38) .
2) Sumantri (1983:187). 
Note : na = not available
The table shows that the Total Fertility Rate (TFR) in 
North Sumatra had been decreasing from 1967-1970 to 1976- 
1979. The decrease may be due the family planning programme
6(Outer Islands I) that has been introduced to the area since 
1974. However, the TFR remained high and even higher than 
that of all Sumatra and the whole of Indonesia. The high 
level of fertility is suspected to be due to 'patrilineal' 
viewpoint of the society (among the majority of Batak 
people) which tend to have high sex-preference to male 
children, because they expect male children to continue the 
tradition or religious viewpoint which is against the use of 
any artificial contraceptives.
The infant mortality rate in North Sumatra has been 
declining since the 1970s. The trend of the decline can be 
seen in Table 1.2. The table clearly shows that the infant 
mortality rate in North Sumatra (for both sexes) has 
declined from 120 per 1000 live births in 1971 to 89 per 
1000 live births in 1980. Note should be taken here that 
Sumantri (1983) used the Trussell method, while CBS (1983) 
used the Brass method in estimating the infant mortality 
rate. Accordingly, it is possible that the levels of 
estimation are slightly different. However, the overall IMR 
of 120 in 1971 was quite high. This might be due to error 
in the original publication, because the reasonable level of 
IMR should lay between 122 and 103. Substantial disparities 
can be observed between the IMR in urban as compared with 
rural areas. In 1980 the IMRs in rural areas were about 
one-third higher than those in urban areas.
1.2.2. Socio-economic Conditions in North 
Sumatra
1. Ethnicity
The several ethnic groups residing in North Sumatra can 
be categorized into migrants and non-migrants. Firstly, the 
majority non-migrant group comprises three different major 
ethnic groups. Included in this ethnic group are (1) Malay; 
(2) Batak; and (3) Nias.
7The Malay ethnic group mostly lives along the eastern 
coast. Unlike the Malay that only consists of only one 
ethnic group, there are four different Batak ethnic groups, 
namely Batak Karo, Batak Toba, Batak Angkola, and Batak 
Mandailing residing in most parts of the province. The Nias 
ethnic group lives on Nias Island. Batak societies have a 
patrilineal system where men are more dominant than women, 
and play an important role in the clan ('marga').
The second group residing in the region are the 
migrants, either internal migrants or international 
migrants. The internal migrants come from other places in 
Sumatra such as Aceh, West Sumatra, South Sumatra, and 
Lampung. Others come from places outside Sumatra such as 
Java, Kalimantan, and Sulawesi (Buginese). A small number 
of international migrants come from India, the Arab 
countries, China, Pakistan, Japan, some European countries, 
Korea, and others. This is because North Sumatra has 
various large agricultural plantations, and also has one 
international sea harbour and one international airport as 
the facilities of international trade and tourism.
2. Literacy and Education
Literacy differentials in North Sumatra can be
distinguished according to region, sex, and urban-rural 
disparities. The level of illiteracy in 1980 was 15.7 per 
cent, lower than the national level (28.8 per cent). 
Furthermore, illiteracy for females (21.6 per cent) is 
substantially higher than that for males (9.7 per cent). 
(Lubis, 1986).
Education in Indonesia can be classified into five 
major levels: (1) primary school (six years); (2) junior
high school (three years); (3) senior high school (three
years); (4) academy; and (5) university. Primary school
starts for children aged seven. Aside from the regular 
education, there is also vocational and religious education,
8with levels which can be assumed to be similar to the 
corresponding levels of regular education.
In North Sumatra, according to the 1980 census, the 
proportion of women aged ten years and over with some 
primary education was about 85 per cent while the proportion 
of those with completed primary education was about 30 per 
cent. Even though this includes the current school aged 
population, the proportion with some primary education was 
still considered high (CBS, 1983a).
3. Economic Conditions
In 1980 about 65 per cent of the population in North 
Sumatra was classified as 'working age population'. The 
labour force at the same time was about 54 per cent of the 
working age population. About 67 per cent of the labour 
force work as farmers. The rest of the population, of 
course, involves the non-agriculture sector. (CBS, 
1983a:133-135).
North Sumatra is known for its plantation products such 
as rubber, palm oil, tea, aromatic oil, coffee, and tobacco. 
Along with other commodities (shrimp, timber, corn, copra, 
and vegetables), most of the plantation product are exported 
(Government Office of the province of North Sumatra, 1976, 
cited in Ginting, 1985). Nevertheless, at the same time the 
share of agricultural sector of total Gross Domestic 
Regional Product (GDRP) was only about 36 per cent.
4. Housing Conditions in North Sumatra
There are two types of housing in North Sumatra, 'urban 
housing' and 'rural housing'. The problem of urban housing 
is that the number of households exceeds the number of 
houses. There is no shortage of houses in rural areas; 
however, the conditions of the houses are very poor and 
unhealthy. This is because most of the houses in rural
9areas have earth-floors, poor air-circulation and sunlight, 
and, more dangerously, they are flammable. (Local
Government of North Sumatra, 1980:18-2 18-3)
The types of physical construction of the houses 
according to the 1980 Indonesian population census can be 
classified into three types: (1) single unit; (2) double
unit; and (3) multiple unit. In 1980 there were about 78 
per cent single units, 12 per cent double units, and about 9 
per cent multiple units. Fewer people in urban areas lived 
in single units than in rural areas. In contrast, more 
people in urban areas lived in double or multiple units. 
This may be due to the fact that the rent prices in urban 
areas were higher than in rural areas. (Lubis, 1986:88-89).
The government housing policies regarding the housing 
problems were different between urban and rural areas. In 
urban areas there were four main policies. Firstly, the 
government intended to build more houses for people. 
Secondly, the improvement and construction of urban housing 
were encouraged. Some sort of incentive was provided. 
Thirdly, since the construction of houses in urban areas had 
to follow the policies of central government, a national 
programme of housing construction known as 'national 
housing' was introduced. This programme, which allowed 
people to buy a house by credit, was proposed to help 
middle-income people (mostly government officials) to have a 
house. Fourthly, the private sector was encouraged to 
support the programme. The enterprise which was involved 
with this business is Bank Tabungan Negara or (BTN, state 
saving bank) (Local Government of North Sumatra , 1980) .
The implementation of housing policies for rural 
housing is different from those of urban housing. In the 
rural areas the government tended to encourage people to 
remain in their living environment. The government also 
supported those who wanted to move to sparsely populated 
areas (Local Government of North Sumatra , 1980).
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5. Source of Drinking Water
Most of the people in North Sumatra used well-water as 
the source of drinking water. River-water in rural areas of 
North Sumatra, surprisingly, still plays a major role as a 
source of drinking water. The details of the data can be 
seen in Table 1.3.
Table 1.3.
Percentage of household according to source 
of drinking water and place of residence in North Sumatra,
Indonesia, 1980
source of
drinking
water
urban 
( % )
rural 
( % )
urban + rural 
( % )
piped water 35.2 3.9 11.3
bore water 4.6 1.7 2.4
well water 53.6 50.6 51.3
spring water 2.7 21.4 17.0
river water 2.2 18.3 14.5
rain water 0.8 2.3 1.9
others 0.9 1.8 1.6
Total 100 100 100
Source: CBS, North Sumatra Population, Series S, no. 4,
the 1980 Indonesian population census, Jakarta, 
Indonesia, 1983a. pp 161-163.
From the data in the table it can be seen that spring 
water and river water still played an important role as the 
source of drinking water after well-water, especially in 
rural areas. Urban people use piped water facilities more 
than rural people, because it is more readily available in 
urban areas.
il
1.3. Hypotheses
As mentioned earlier, the main aim of this study is to 
see how one of the proximate determinants proposed by Mosley 
and Chen (1984) has an impact on infant mortality under 
various socio-economic conditions. Accordingly, there are 
two types of hypotheses which will be tested in this study. 
Firstly, how the environmental factors affect infant 
mortality rates. Secondly, how those environmental factors 
under different socio-economic conditions have an impact on 
infant mortality rates. The operational hypotheses can be 
drawn up as follows:
1. The quality of household water supply, sanitation 
(as measured by the presence of different types of lavatory 
facilities), and living conditions (as measured by room 
space per person) is negatively correlated with Infant 
Mortality Rate.
2. The indirect effect of household socio-economic 
status operating through household environmental factors is 
negatively correlated to the Infant Mortality Rate.
1.4. Limitations of the Study
There are four major limitations of this study. These 
limitations will be considered in drawing the conclusions. 
Firstly, as this study is using the proximate determinant 
framework proposed by Mosley and Chen (1984) , it is 
necessary to know how this framework operates.
There are five proximate determinants in the framework: 
(1) maternal factors; (2) environmental contamination; (3) 
nutrient deficiency; (4) injury; and (5) personal illness 
control. Only two out of five proximate determinants are 
available in the 1980 Indonesian census data set. 
Accordingly, only two proximate determinants, namely 
maternal factors, such as age of mother, and environmental 
contamination, are considered in the study.
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Mother's age is used as a control variable in the study- 
in that it is an integral part of the indirect estimation of 
the infant mortality rate. The two other variables of Mosley 
and Chen's proximate determinants (parity and birth 
interval) will not be included, because they are not 
available in the 1980 Indonesian census data set. Emphasis 
will be placed mostly on the environmental contamination of 
the household. Environmental factors, therefore, are used 
as the measurements of the contamination. It is obvious, 
then, that the conclusions drawn are also affected by other 
unexplainable factors, such as parity, birth interval, 
nutrient deficiency, and personal illness control.
Secondly, the choice of Infant Mortality Rate (IMR) as 
the dependent variable instead of other mortality 
measurements has a drawback. The IMR in this study is 
obtained from q3 which actually measures the probability of 
dying from age 0 to age three. Using Trussell's multiplier, 
the value of q3 is converted to depict mortality level by 
obtaining IMR. However, a proper model life table suitable 
to the population is required. Since there is still a 
debate about which model life table is suitable in 
Indonesia, whether the West model of Coale and Demeny model 
life tables (McDonald, 1978; Gardiner, 1978) or the South 
model from the same life tables (Sinquefield and Kartoyo, 
1977) , the choice of the West model could be called into 
question. However, Trussell (1975) suggests using the West 
model when the underlying mortality pattern is not known, 
because the West model gives minimal standard error. 
Accordingly, the West model is chosen for this study.
Thirdly, there are two basic assumptions that are more 
likely to be violated in using the Trussell method. The 
first assumption is that fertility and mortality remained 
constant prior to the survey or census. Consequently, if 
fertility and mortality changed, some degree of bias will 
occur. The bias can be eliminated by looking at the
13
occurrence of the IMR only to the reference date prior to 
the survey or the census. The second assumption is that the 
risk of dying of the child is only a function of the age of 
the child dying and not the other factors, such as mother's 
age or child's birth order (UN, 1983) . This can be solved 
by looking only at a certain age group of mothers (2 5-29 
year olds).
Fourthly, 'crowding' which is measured in this study by 
floorspace per member of household, refers to the risk of 
disease to everyone in the household. That means air-borne 
contagious diseases, such as colds, influenza, or lower 
respiratory tract infections become a risk to everyone in 
the household. However, the infant is at higher risk of 
death compared with older children in the household.
The variable 'quality of drinking water' also has a 
limitation. This variable depends on the duration of 
breastfeeding and weaning practices. The quality of 
drinking water might have no effect on infant mortality if 
the duration of breastfeeding is more than one year and no 
supplementary food is given to the infant before age one. 
However, since the tradition in North Sumatra is similar to 
other parts of Indonesia, it can be assumed that most of the 
mothers give food to their babies before age one, so they 
will possibly be exposed to contaminated drinking water.
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CHAPTER II 
A LITERATURE REVIEW
The determinants of mortality (which can be classified 
into three types: infant, child and adult mortality) vary 
considerably among the developing countries. The United 
Nations (1985:1) suggests that in order to understand the 
determinants of ill-health in the population, it is 
necessary to mount an unusual statistical effort to describe 
the qualities of mortality levels and trends, disease 
patterns, social variation in mortality, and/or the effects 
of social and health programmes on mortality. However, in 
many countries data bases that are not only for studying, 
but also for other purposes such as health planning and 
health policies, are non-existent (U.N.,1984:6).
Recent mortality trends in developing countries have 
received little notice compared to the attention given to 
fertility changes. (Gwatkin,1980:615). Furthermore, Gwatkin 
says more attention should be paid to them because there 
are indications that
mortality patterns are also evolving in ways that are 
potentially important for the human welfare that 
constitutes the principal basis for concern with 
population issues (Gwatkin, 1980:615).
However, most developing countries lack data quality and 
availability,
there are very few developing countries where the most 
reliable data on mortality deriving from a complete 
death registration combined with population censuses, 
are available (U.N., 1982:1).
Knowledge of the current patterns of mortality decline 
is necessary to describe the determinants and consequences 
of mortality changes, notably in developing countries.
Ross (1979) points out that there is still debate among 
demographic historians concerning the relative contribution 
of medical science versus social and economic development to
15
mortality decline. Some writers think that improved living 
conditions, notably improvements in nutrition, have 
contributed more to mortality decline than medical advances. 
However, he argues:
the extent to which such benefits were enjoyed by the 
general population in the eighteenth and early 
nineteenth century is arguable (Ross,1979:460).
Furthermore, he indicated that a major contribution to 
mortality decline was the application of western medical 
technology through international organizations in at least 
some areas of developing countries.
Rodgers (1979:343) says that it is difficult to unravel 
the determinants of mortality change in the developing 
world. Furthermore, even though improvements in health 
technology and availability, education, sanitation, clean 
water supply and a host of other environmental variables 
have undoubted effects, the empirical effects of these 
different factors are difficult to identify. In his 
findings he concludes that:
the variables tend to be collinear with each other and 
with many other aspects of development, making their 
isolation difficult (Rodgers, 1979:350).
Caldwell (1979) suggests that the determinants of 
mortality can be generally classified into socio-economic 
and those with a medical or technological perspective. He 
also notes the conditions to be applied, that is, by 
ignoring societies where violence (or 'politics') plays a 
major role, and by considering sanitation from the social or 
medical side or both. Based on analysis of Nigerian survey 
data, he reaches the conclusion that maternal education is 
the most important single determinant of mortality in 
childhood, after controlling for many other variables that 
might affect mortality, such as paternal education and 
occupation, maternal age and occupation, area of residence, 
type of marriage (monogamous or polygamous), and access to
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and usage of medical facilities.
The reasons for Caldwell's (1979) conclusion are: 
first, an educated mother may be expected to break with 
tradition or become less 'fatalistic' about illness, and 
adopt many of the alternatives in child care and 
therapeutics that are accessible in a rapidly changing 
society. Secondly, an educated mother is more communicative 
than an illiterate one to doctors and nurses. She tends to 
regard the use of medical facilities as a right instead of a 
privilege. The final reason that is considered as the most 
important factor is that 'education of women greatly changes 
the traditional balance of familial relationships with 
profound effects on child care' (Caldwell, 1979:410). In 
fact, an educated woman tends to take care of her children 
more as her own responsibility and decision rather than that 
of her mother-in-law or other relatives. In addition, she 
also tends to allocate a larger share of the family's 
resources towards feeding and caring for children. Flegg 
(1982) argues that the greatest impact of literacy on child 
mortality is only applicable in societies with a relatively 
egalitarian distribution of income.
Ware (1984) supports Caldwell's findings. She says
that:
education has an impact not only through the 
characteristics of the individual mother but also 
through the educational level of the society as a whole 
(Ware, 1984:197)
In special cases in a country that has made enormous 
efforts to bring health care services within the reach of 
everyone, like Cuba, there are quite small differentials in 
levels of child mortality by the mother's education. There 
has been very little research concerning the impact of 
education alone, although several studies demonstrate that
poor but educated women with limited access to 
effective sanitation or medical facilities nevertheless 
achieve significant reduction in child mortality (Ware, 
1984:197)
The other contributing factor to mortality decline in
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developing countries is improved economic conditions among 
the population (McNicoll, 1982:521). Preston (1975), for 
example, in a study using data from the 1930s and 1960s from 
various countries, showed that there was a relationship 
between expectancy of life and per-capita income. Rodgers 
(1979:343) supports Preston's findings using a quantitative 
approach. As mentioned earlier, he states that the 
relationship between income per head and the infant 
mortality rate is collinear. Nevertheless, he points out 
that it is difficult to unravel the relationship between 
improvements in health technology and its availability, 
education, sanitation, clean water supply, and a host of 
other environmental variables.
Flegg (1982) criticises these findings. He claims 
that aside from the lack of reliability of the data used in 
developing countries, Rodgers' use of per capita income as 
an indicator for the more specific determinants of infant 
mortality is improper. He is not satisfied because 
Rodgers's findings do not include explanatory variables that 
can be directly influenced by policy makers. He adds that
the exclusion of a measure of maternal education is 
likely to have caused an overstatement of the 
importance of inequality as the determinant of infant 
mortality (Flegg, 1982:446)
Furthermore, he observes, as Preston (1975) also notes, 
that the relationship between income and mortality is 
indirect. Income tends to affect the rate of consumption of 
items affecting health, such as food, housing, sanitation, 
medical care and education. Using quantitative analysis he 
suggests that the level of economic development per se is 
irrelevant to the determination of infant mortality. 
Despite similar patterns and tendencies in general, the 
determinants of mortality are specific to every country, 
depending upon the situations and conditions of the country.
A contaminated environment can expose infants or 
children to morbidity or even mortality. The main routes 
whereby diseases can be transmitted into the human body can
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be categorized into four: (1) air, (2) food, water, and 
fingers, (3) skin, soil, and contaminated objects, and (4) 
insect vectors. They can be the route of spread for the 
respiratory diseases, diarrhea and other intestinal 
diseases, skin infections, and parasitic and viral diseases 
respectively (Mosley and Chen, 1984:32).
From a study in Guatemala, PAHO (Pan American Health 
Association, 1983) found that among acute respiratory 
infections (ARI), acute lower respiratory tract infections 
(ALRTI), primarily pneumonia and bronchitis, are responsible 
for childhood mortality. This has been confirmed by several 
studies in different locales, such as in Papua New Guinea, 
Matlab-Bangladesh, Narangwal-India. (Riley, et al. , 
1981:353; Chen et al., 1980: 28; Taylor et al., unpublished, 
as cited in Mosley and Chen, 1984:133).
According to Foster (1984), there are four factors 
influencing acute lower respiratory tract mortality risk. 
The factors are: (1) age of infection, (2) nutritional 
status, (3) availability of health care, and (4) socio­
economic status.
A study by Riley et al. (1981:555, as cited in Foster, 
1984) shows that there is a negative relationship between 
age of the children and morbidity of the diseases. The 
study also reveals that case fatality rates for ALRTI (a 
case in Papua New Guinea) in infants is higher than that for 
children aged one to four years old. Pio et al. (1982:20) 
and Kielman and McCord (1978:1247) in Narangwal, India, 
found that undernourished children experience a higher 
pneumonia incidence than normal children. This means that 
poor nutritional status is responsible for the high 
pneumonia rate. It is also possible that poorly nourished 
children live in poor houses where the risk of suffering 
pneumonia is likewise high.
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ALRTI is curable, meaning that the infection can be 
treated with drugs. Accordingly, the availability of health 
care is important to reduce the level of infection. The 
shortage or inaccessibility of appropriate health care 
facilities can hamper the cure, and might cause a higher 
level of infection through the spreading of the disease to 
others at risk.
The socio-economic status of the household also plays 
an important role in preventing the incidence of infection. 
Although the data are not always applicable in the 
developing world, the evidence in the developed world shows 
that there is a negative relationship between socio­
economic status measured by household size, number of rooms, 
and persons per room and the incidence of respiratory 
infection. This means the higher the socio-economic status 
of the household, the lower the incidence of respiratory 
disease infection (Foster, 1984). Further examination of 
this factor will be undertaken in this study.
The contamination of water, food, and fingers can 
occur through water-related disease. Conventionally, the 
method of defining disease is based on the carrier microbe. 
However, some authors (White et al.,1972; Bradley, 1977; 
Feachem et al.,1983) believe that this method is inadequate 
when dealing with the changes in water supply and sanitation 
system. White et al.(1972) and Bradley (1977), therefore, 
propose a more comprehensive classification based on the 
mode of transmission of water-related diseases.
There are four categories in the classification: (1) 
water-borne infections; (2) water-washed infections; (3) 
water-based infections; and (4) water-related insect 
vectors. Water-borne diseases are defined as those 
resulting from infection by a pathogen whose major habitat 
for an essential part of its life is water (Cairncross et 
al.,1981). Such disease includes 'schistosomiasis' and 
'guinea worm' infection. On the other hand, 'water-based
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disease' and 'water-washed disease' are the result of 
contamination by some other matter (frequently feces) using 
water as a vector. These categories of disease include 
typhoid, dysentry, infectious diarrhea and infectious 
hepatitis, which are all primary killers of young children 
in the developing countries (Stein, 1977).
According to Cutting and Hawkins (1982), the existence 
of the 'fecal-oral' route or other route that can cause the 
transmission of the contaminating agent to the body is 
responsible for the incidence of the disease. A study by 
Rowland et al.(1978) shows evidence that the fecal 
contamination of weaning foods and utensils in Gambia is 
hazardous to child health.
Some authors, such as Gordon et al.(1964), Rowland et 
al. (1978), Barrel and Rowland (1979) agree that high 
morbidity and mortality in various locales are attributable 
to poor water and toilet sanitation. Cutting and Hawkins 
(1982) suggest that ways of eliminating the 'fecal-oral' 
route are washing and other hygienic measures which would 
eliminate contamination at the source, such as the provision 
of uncontaminated water and food, and improved facilities 
for human waste disposal.
Insects which either breed near water or bite near 
water can also transmit hazardous diseases. There are 
several examples where insects, frequently mosquitoes, 
transmit a particular disease, such as malaria, yellow 
fever, onchocerciasis (river blindness), and dengue fever. 
(Cairncross and Feachem, 1983). Those insects are 
categorized as water-related insect vectors. It is obvious, 
then, the provision of modern sanitation facilities, and 
good environmental sanitation, especially water-related 
sanitation ought to go a long way toward reducing morbidity 
and mortality in many parts of the world.
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Several social scientists in Indonesia, such as Utomo 
and Iskandar (1986), Soeradji (1981), Adioetomo (1985), and 
Budiarto and Sunaryo (1985), conventionally have tried to 
explain the relationship between socio-economic status and 
infant mortality rate. They consider several socio-economic 
categories, such as sex of infant,place of residence, age at 
first marriage, maternal education, and also housing 
condition.
CBS (1983b), using 1971 census data, found that the IMR 
for females was lower than for males. When using the 1980 
census data, they observed that the level had declined; 
however, the pattern was still the same. Regarding place of 
residence, despite a debate about 'urban-rural' 
definitions, the bureau not surprisingly found that urban 
population had a lower IMR than the rural population. This 
occurred in both 1971 and 1980.
Some authors consider that age of marriage is an 
essential explanatory factor, because it is associated with 
age at initiation of childbearing, and household socio­
economic conditions. (Utomo and Iskandar, 1986; Soeradji, 
1981). A woman who marries very young usually comes from a 
poor family with low health status and educational 
attainment. Consequently, when she has her first child, it 
is less likely that the baby will be healthy, therefore it 
leads to higher risk of child loss. Adioetomo (1985) using 
1980 census data found that the lower the age of first 
marriage the higher the IMR. Budiarto and Sunaryo (1985:68) 
in their study in West Java also found a similar pattern.
Maternal education in Indonesia, like in other 
developing countries, has been proved to have an association 
with infant mortality. The better the education of the 
mother, the lower the IMR (Hull and Sunaryo, 1978 ; 
Kadarusman, 1982; Soeradji and Ismail, 1984; Adioetomo, 
1985).
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Sullivan and Wilson (1982:80) found from their study in 
East Java that the effect of maternal education on the 
infant mortality rate is only significant for those with 
primary education up to grade five. The mothers whose 
education up to grade three are not significantly different 
from those with no education. Furthermore, Budiarto and 
Sunaryo (1985:66) found that in West Java there was a 
substantial difference in IMR between the mothers who had no 
education and educated mothers. They observed that the IMR 
among the mothers with no education was about three times 
higher than among educated mothers. A similar pattern is 
also found by other authors like Utomo and Hatmadji (1983) 
and Adioetomo (1985) in their studies in Java.
Despite some disadvantages, housing material can be 
used as an indicator of social or economic status (Hull, 
1983) . The advantage of this variable is that it can be 
used as a proxy for income since the accuracy of household 
income in Indonesia is still called into question. However, 
as Suharto and Way (1975) note, the variable is less 
sensitive if the material of house not only shows a 
different economic status , but also reflects a different 
culture and the shortage of material in the area.
Streatfield and Korzy (1987) in their study in East 
Java using the 1980 census data found that there is a 
negative relationship between quality of water supply and 
infant and child mortality rate. Likewise, the sanitation 
facilities measured by the type of lavatory facility, 
indicates that the better the sanitation, the lower the 
infant and child mortality.
Number of persons per room in a household (crowding) is 
related to the level of IMR. The direct impact of crowding 
on mortality tends to be negative. A study in Indonesia by 
Adioetomo (1985:28) using the 1980 Indonesian census data 
shows that the larger the floor space per person, the lower 
the IMR. However, since about 60 per cent of the Indonesian
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population live in Java, the study mainly describes the 
conditions in Java.
Another study (Subekti and Suardi, 1984) that was 
carried out in West Nusa Tenggara shows a similar pattern 
indicating that in West Nusa Tenggara, a negative 
relationship between mortality and floor space in the 
household (the larger the floor space per person the lower 
the level of infant deaths) was observed. The results 
reveal that the proportion of infants dying in the 
households with an area less than 15 square metres is higher 
than in houses with an area of about 100 square metres.
A study by Munir et al. (1982) in Yogyakarta and Lombok 
shows that the highest incidence of morbidity in these areas 
was upper respiratory tract infections. In Yogyakarta the 
second highest incidence is lower respiratory tract 
infections. Munir et al. also found that Yogyakarta had 
fewer persons per room and higher presence of lavatory 
facilities than Lombok. Furthermore, they observed that the 
morbidity and mortality levels in Yogyakarta were lower than 
in Lombok. It can be concluded, then, that the larger the 
room space per person and the better the lavatory 
facilities, the lower the level of morbidity and mortality.
It is obvious, then, that water supply, the presence 
and type of lavatory facilities, and crowding, as household 
environmental factors, play an important role in describing 
the health conditions in the household. Therefore, this 
study will examine further the impact of those factors on 
infant mortality rates.
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CHAPTER III
DATA, METHODOLOGY AND LIMITATIONS 
3.1. Source of Data
The level of infant and child mortality can ideally be 
obtained by using vital registration. However, since 
reliable vital registration in Indonesia is still non­
existent, indirect estimation using censuses or surveys can 
be used. This study utilizes the data from the 1980 
Indonesian population census.
There were two stages in conducting the census. The 
first stage was complete enumeration covering basic 
information, such as the structure of household, age, sex, 
education (mainly for the children aged seven to twelve 
years), marital status, citizenship, physical or mental 
disabilities, and agricultural land ownership for the whole 
population. This enumeration was held from 20 September to 
31 October 1980.
The second stage, from 10 October to 31 October 1980, 
was a five per cent sample census with the exception of 
Jakarta and Yogyakarta regions where 10 per cent of the 
population was covered. This Sample Census collected 
information about individual characteristics in more detail. 
The information includes age, sex, marital status, 
education, migrant status, labour force, age at marriage, 
fertility, housing conditions and facilities, and mortality.
3.2. Sampling Design
In conducting the 1980 Indonesian Population Census the 
whole area of Indonesia was subdivided in to Enumeration 
Areas (EAs) and Census Blocks (CBs). The average EA was 200 
households in a sparse area to 3 00 households in a dense 
area. The maximum number of households was not to exceed
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100 in each CB. Dorms or complexes were treated separately 
depending upon their size. If the residents numbered less 
than 50 persons in each building, it would be considered as 
special household and could be categorized as ordinary EA or 
CB. One of the general rules that have to be followed in 
selecting the sample is that from each stratum five per cent 
of the ordinary CBs were systematically selected with random 
start (CBS, Unpublished).
3.3. Data Limitations
There are three pieces of information that have to 
accurately be obtained in order to estimate infant and child 
mortality indirectly: (1) the number of children ever born 
who are still living; (2) children born alive who have died; 
and (3) age of women. Unfortunately, there are several 
limitations commonly occurring in the census or survey data 
set. Those limitations and errors can affect the estimation 
of infant or child mortality.
Santow (1983) notes that it is very likely that a 
mother not only forgets about her children who died a long 
time ago, but also forgets about her children who are not 
living with her anymore at the time of the interview. The 
former error would cause under-reporting of the number of 
children dead. Accordingly, infant or child mortality will 
be under-estimated. In contrast, the ommission of children 
who are not living with her anymore at the time of interview 
would produce under-estimation of children still living that 
could over-estimate infant or child mortality.
Furthermore, she adds, misinterpretation of 'still 
birth' as 'early infant death' by the respondent is very 
likely if the interviewer did not explain the difference 
properly. This kind of error would produce over-estimation 
of infant or child mortality (see Santow, 1983).
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Accurate age data are among the most difficult to 
collect from either censuses or surveys. Mis-reporting is 
primarily crucial in dealing with single age distribution 
data. This kind of error also occurred in the 1980 
Indonesian population census. One of the alternative ways 
to solve this problem is by grouping the ages. There is a 
tendency towards digit preference (mostly the digits that 
end with 0 and 5) in age heaping; therefore, the wider the 
group interval, the lesser the bias due to digit preference. 
Of course, the use of the type of data depends on the 
intention of the study. Fortunately, this study does not 
require single age distribution data. Because five-year age 
group data is used instead, it can be expected that the 
effect of age misreporting is not so influential.
The information about 'water storage' which is 
important in explaining how diseases spread is not available 
in the census data set. Likewise, the cooking habits of the 
respondents are also non-existent in the data set. These 
limitations have to be taken into consideration in drawing 
the conclusions as 'unexplained' determinants of infant 
mortality. Nonetheless, mother's education and socio­
economic status can be used to control the impact of those 
limitations, because proper water storage and cooking 
habits are thought to have a positive relationship with 
education and socio-economic status.
A similar solution, therefore, can be applied to the 
unavailability of data on the quality of lavatory 
facilities. A household lavatory is believed to have a 
positive relationship with housing materials as the socio­
economic variable (the better the quality of housing 
materials, the better the lavatory facility of a household). 
Nevertheless, care should be taken in using 'housing 
materials' as a variable, because this variable is not 
accurate in all regions of Indonesia depending on the 
availability of local materials (see Suharto and Way, 1975).
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3.4. The Variables included in the Analysis
There are two types of variable included in this study: 
(1) dependent variable, and (2) independent variables. The 
following section will describe those variables.
3.4.1. Dependent variable
The only dependent variable used in this study is 
infant mortality rate (IMR). Since direct estimation of 
infant and child mortality can not be obtained using 
unreliable vital registration, the IMR in this study is 
estimated indirectly based on the 1980 Indonesian population 
census data set. The method of estimation will be discussed 
later in the methodology section.
3.4.2. Independent variables
The two types of independent variable considered in the 
study are environmental variables and socio-economic 
variables. The environmental variables used in this study 
are based on household environmental factors, such as (1) 
source of drinking water; (2) intensity of crowding; and (3) 
lavatory facilities. While socio-economic variables 
considered are: (1) mother's education; (2) housing 
materials; and (3) household possessions.
3.4.2.1. Environmental variables
Environmental factors as independent variables is to be 
used as proximate determinants related directly to infant 
mortality. The variables and their categories that are used 
in this study can be seen as follows:
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1. Source of drinking water
The selection of source of drinking water, together 
with lavatory facilities, as one of the proximate 
determinants is proposed to examine the impact of 'water­
borne diseases', 'water-based diseases', and 'water-washed 
diseases'. The categories included in this variable are (1) 
tap water, (2) bore water, (3) well water, (4) spring water, 
(5) rain water, and (6) river water.
2. Crowding
In this study the intensity of crowding is used in 
order to observe the impact of 'air-borne diseases' on the 
infant mortality level. This variable is measured using the 
categories as follows : (1) less than seven square metres; 
(2) seven to fifteen square metres; (3) more than 15 square 
metres.
3. Lavatory facilities
As mentioned earlier, along with source of drinking 
water this variable is used to examine the impact of 'water­
borne', 'water-based', and 'water-washed' diseases. The 
available categories in the 1980 Indonesian population 
census are: (1) own lavatory with septic-tank, (2) own
lavatory without septic-tank, and (3) public or shared or 
other lavatory (presumably no lavatory also).
3.4.2.2. Socio-economic variables
Mother's education is selected as one of the socio­
economic variables because several studies have shown that 
there is a strong impact of maternal education on infant and 
child mortality. (see Chapter 2). The categories included 
in the variable are (1) no schooling or some primary school, 
(2) completed primary school, and (3) beyond primary school.
The indicators of economic status used in this study 
are 'housing material' and 'household possessions'. Housing
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material categories are measured based on the material for 
floor, wall and roof. The Indonesian Central Bureau of 
Statistics (CBS) devised the categories of this variable 
based on the 1971 Indonesian population census data. This 
study utilizes those categories with some modification. The 
modification is made in order to suit the data in North 
Sumatra. They are category I, category II, and category III 
corresponding to 'good', 'medium', and 'poor' materials 
respectively (see Appendix 1).
The 'Household possessions' variable is categorized 
based on several economic indicators in the census : (1) 
home ownership status, (2) ownership of long cupboard, (3) 
ownership of brazier or gas stove, (4) ownership of bicycle, 
(5) ownership of radio/cassette player, (6) ownership of 
television, and (7) ownership of agricultural land. A score 
was given to each indicator. The categories are derived by 
grouping them thereafter. The first, second, and third 
categories are obtained based on the corresponding scores: 
'zero to four', 'five to six', and 'greater than or equal to 
seven' respectively. Accordingly, the first to the third 
category are the ascending categories of economic status 
(see Appendix II).
3.5. Methodology
This section will cover the description of the infant 
mortality estimation, its data requirements and assumptions; 
respondent group; and statistics used in the study.
3.5.1. The estimation of infant mortality, the data 
requirements and assumptions
The modified version of Trussell's indirect mortality 
estimation proposed by United Nations (1983) is used in this 
study. A special package called 'Mortpak-Lite' using the
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CEBCS program corresponding to estimation issued by the 
United Nations (1988) is applied accordingly.
The Trussell method, like other types of estimation, 
such as Brass (1968), Sullivan (1972), and Feeney (1976), 
requires data on the average number of children ever born, 
and the average number of children surviving. Those 
averages employ total number of women in the corresponding 
age group as the denominators. The method, furthermore, 
estimates the probability of dying between birth and aged x 
(qx) using the equation (UN, 1988:47):
q(x) = 5Mx . 5Dx
where : 5Dx = proportion of children dead to women in
age group (x, x+5)
5Mx = Age specific factor (multiplier).
The multiplier depends on the indices of the age 
pattern of fertility. These modified Trussell-version 
multipliers are thought to be more recent and more 
satisfactory than those originally proposed by Trussell in 
1975 (UN, 1983).
The calculation of q(x) can be obtained by using the 
proportion of children dead for the corresponding female age 
groups 15-19, 20-24, 2 5 - 2 9 4 5 - 4 9 ,  where the values of
(x) are 1, 2, 3, 5, 10, 15, and 20 respectively. In order
to estimate the time reference to which these q(x) values 
refer, several regression equations have been developed. 
Both q(x) and time reference are estimated through 
simulations of regression equations based on the same 
independent variables (see UN, 1988:47).
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The assumptions in the development of the method are:
(1) The risk of a child dying is a function only of 
the age of child, not of the factors, such as 
mother's age or the child's birth order (UN, 
1983:73)
(2) Fertility and childhood mortality have remained 
constant in the recent past.
(3) Since the underlying mortality pattern in 
Indonesia is not known, 'West-model' of Coale- 
Demeny model life-table is employed (McDonald, 
1978, Gardiner, 1978, Trussell, 1975).
3.5.2. Respondent Group
The estimation of IMR over the value of q(l)
(probability of dying before aged one) that can be derived 
from reports of women aged 15-19 will not be used. The 
reason for this is that firstly, the infant deaths reported 
from this group of women in reality are higher than the
indirect estimation, and secondly, the number of children 
ever born to women of this age group is very small.
Identically, the respondent women aged 20-24 that were 
previously used to estimate the IMR through q(2) shows some 
degree of fluctuation or error. This can also be due to the 
instability of the reports and the small number of children 
ever born. Eventually, these limitations caused less 
statistical significance among the IMRs. Therefore, the
response group of women used in this study is those aged 25- 
29. Consequently, the reference time of the findings is 
approximately three years prior to the census. Other 
studies also show that using this age group of women results 
in more stable rates than other age groups (see Ismail, 
1987, and Abejo, 1987).
3.5.3. Advantages and disadvantages of the method
William Brass and Coale (1968) were the first who to 
propose an estimation of q(x) values from life tables using 
the proportion of children dead of women in the 
corresponding age groups by using multipliers. The
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multipliers depend on the shape of fertility function. A 
third degree polynomial was employed by Brass to generate 
fertility schedules.
Sullivan (1972) tried to develop Brass' procedure by 
employing linear regressions over the actual fertility 
schedule. He utilizes P(l)/P(2) or P(2)/P(3) (where 
P(1)...P(3) are average parities to corresponding women aged 
15-19... 25-29 respectively) to convert D(i) value to q(x) . 
However, as Trussell (1975) mentioned, there are some 
limitations in those multipliers: Firstly, his study was 
merely based on the few empirical fertility schedules; and 
secondly, 'schedules with early fertility were severely 
under-represented' (Trussell, 1975:97).
Even though Sullivan was trying to overcome this 
problem by simply 'sliding empirical schedules down the age 
axis', later findings by the Princeton Office of Population 
Research show that 'sliding fertility schedules up and down 
the age axis' does not adequately replicate later or earlier 
patterns of fertility.
Trussell (1975) has developed Sullivan's multipliers by 
using wider representative cases and utilizes both the 
value of P(l)/P(2) and P(2)/P(3) (see also Sumantri, 1987). 
Furthermore, these multipliers have been developed by the UN 
(1983) using a more recent and more satisfactory version. 
This study utilizes the last version of Trussell method 
proposed by United Nations (1983). However, one of the 
disadvantages of the Trussell method occurs in the situation 
where mortality is presumed to have declined in the recent 
past. In this situation, the assumption of constant 
mortality is very likely to be violated.
3.5.4. Statistics used in the study
In order to observe the statistical difference between 
two values, IMR is considered as a 'binomial proportion'.
33
The number of N is the number of children ever born to the 
women aged 25-29, because it is the population at risk. 
Therefore, the number of N of each category varies in each 
table. The standard deviation (SD) of each value can be 
calculated using the formula:
pqSD = ---V n
Where : SD = standard deviation
p = the value of IMR (per thousand) 
q = 1-p
n = number of children ever born to women aged 
25-29
In order to examine the difference between two 
proportions, the range of confidence interval is applied. 
This means that if the two intervals overlap, they are not 
statistically significant. The intervals are calculated 
using the formula:
p 4- 1.96 SD
where p = the value of IMR (per thousand live
births)
SD = Standard Deviation
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CHAPTER IV
IMPACT OF ENVIRONMENTAL FACTORS 
ON INFANT MORTALITY RATE
The following chapter will discuss how various 
environmental factors have an impact on infant mortality 
rates. This chapter will cover the analysis of univariate 
and bivariate concerning the impact of environmental factors 
on IMR. The univariate analysis includes the IMR according 
to 'source of drinking water', 'crowding', and 'lavatory 
facility'. Whereas, the bivariate analysis includes the IMR 
according to cross-tabulation between 'source of drinking 
water and crowding'; 'drinking water and lavatory facility', 
and 'lavatory facility and crowding'.
4.1. Impact of Source of Drinking Water on the IMR
As can be seen in Table 4.1., the level of infant 
mortality ranges from lowest of 63 to the highest of 99 
infant deaths per 1000 live births. Piped-water as the 
source of drinking water, not surprisingly, is the safest 
(63 infant deaths per 1000 live births) amongst the others. 
This source of drinking water in Indonesia, and thus in 
North Sumatra, is provided by the government. The water 
that is usually obtained from spring or river is processed 
by purifying it with anti-bacterial chemicals in a huge 
water tank. Then, it is distributed to the household 
through pipe, either metal or plastic pipe.
Although piped-water is reasonably hygienic; however, 
it is not recommended to be drunk directly from the tap 
without boiling it. As the taste of the water is affected by 
the chemical process people tend to boil it for drinking 
water. In contrast, people that collect water from other 
sources, such as well-water or spring-water, tend to drink 
their water un-boiled, because it is thought to have a
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'natural' taste. The major constraint in relation to the
Table 4.1.
Level of Infant Mortality (number of infant deaths 
per live birth) According to Sources of Drinking Water, 
North Sumatra, Indonesia, 1980
SOURCES INFANT
MORTALITY RATE
CONFIDENCE
INTERVAL
N
PIPED-WATER 0.063 0.007 4,238
BORE-WATER 0.066 0.015 1,094
WELL 0.088 0.004 22,093
SPRING 0.082 0.004 15,224
RIVER 0.099 0.003 37,748
RAINWATER 0.082 0.007 5,203
Note : n = Number of Children Ever Born for Women Aged
25-29
Source: Primary Analysis of Census Data Tape, Indonesia,
1980.
provision of piped water is that this source of water is 
only accessible to the people in the urban areas. This is 
unfortunate for the people in rural or other remote areas. 
The study by Merrick (1983) in Brazil shows that there was a 
significant impact of accessibility to piped water on 
reducing childhood mortality.
The second lowest IMR comes from the households that 
use 'bore-water' as source of drinking water (66 infant 
deaths per 1000 live births). Note should be taken, 
however, that the difference of the IMR between the 
households that use this source of drinking water and that
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of piped-water is not significant. This finding is 
understandable, because bore-water is obtained from 
underground using pump. Therefore, bore-water is sometimes 
known as 'pump-water7. Most of the time the surroundings of 
the pump are sealed by concrete, making the water not 
easyiy contaminated.
However, the handling of the water before use plays an 
important role, because the contamination might occur at 
that time. The better the handling, the less likely the 
water will be contaminated and eventually might prevent the 
spread of the diseases.
Most of the respondents as in the rest of Indonesia, 
use well-water as the source of drinking water. Well-water 
is not only easy to obtain throughout the country, but it 
also the cheapest way to get fairly good water compared to 
rain-water. Another benefit of this source of drinking 
water is that the water is available for almost the whole 
year.
The IMR for the households that use this source of 
drinking water was 88 infant deaths per 1000 live births. 
The level is considerably higher than that of 'piped-water7 
or 'bore-water'. This is because 'well-water' is more 
likely to be contaminated by disease agents than 'piped- 
water' or 'bore-water'. The well is usually open at the top 
and the walls may or may not be sealed by concrete or not. 
The sealed-wall well is normally better than the unsealed, 
because the un-sealed well is very likely to be contaminated 
by flooding or by human rubbish falling in. Also, under 
the ground disposal or an unsealed septic-tank close to an 
unsealed well can contaminate the well-water.
The findings show that the IMR for those who used well- 
water and spring water is not statistically significant. 
This also applies to the difference between IMR for those 
who used well-water and rain-water. This indicates that
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those sources of drinking water have relatively the same 
quality, and thus, the same impact on IMR.
The level of infant mortality was high for the 
households that obtain drinking water from rivers. The 
estimation was about 99 infant deaths per 1000 live births. 
This is quite understandable because many kinds of hazardous 
micro-organism contaminate rivers.
4.2. Impact of crowding on Infant Mortality Rate
The intensity of crowding is approximately measured by 
the area per person in a household in order to observe the 
impact of 'air-borne' diseases on infant mortality. Table 
4.2 shows the differentials of IMR according to this 
variable.
Contrary to what was expected, the IMR from the 
households that have the least room-space per person is the 
lowest compared to the larger ones. In fact, the IMR of the 
households that have less than seven square metres per 
person was 84 infant deaths per 1000 live births, five and 
six infant deaths lower than that of the second (between 
seven and 15 square metres per person) and the third (more 
than 15 square metres per person) category respectively. 
There are several reasons for this. However, looking at the 
significancy of the IMR, the pattern of the IMR shows that 
there are no significant difference amongst the three 
categories. This is because the ranges of their confidence 
intervals overlapped with each other. Therefore, it can be 
speculated that the variation of the IMR maybe due to the 
random fluctuation of the sample. And hence, in the case of 
North Sumatra crowding is not a strong indicator of infant 
mortality differentials.
Firstly, it is presumed that the finding is due to the 
fact that the majority of the people in North Sumatra are 
from the Batak ethnic group who traditionally have large
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wooden houses. Many of those who used to live in those 
houses have left home. As the number of members of the 
household becomes smaller, the room-space per person becomes 
larger. Accordingly, it is possible that those who are left 
at home found it difficult to maintain the healthy 
sanitation of the household, because sometimes the yard 
together with the indoor room are quite large. These bad 
conditions might cause the spread of the diseases. This, 
furthermore, might raise the risk of mortality among the 
infants.
Table 4.2.
Level of Infant Mortality According to 
Floor Density, North Sumatra, Indonesia, 1980
FLOOR SPACE INFANT
MORTALITY RATE
CONFIDENCE
INTERVAL
N
LESS THAN 7 SQUARE 
METRES
0.084 0.003 24420
GREATER THAN OR EQUAL 
TO 7 & LESS THAN 15 
SQUARE METRES
0.089 0.005 13633
MORE THAN 15 SQUARE 
METRES
0.090 0.012 2268
Note: N = Number of Children Ever Born of women
aged 25-29
Source: Primary Analysis of Census Data Tape, Indonesia,
1980.
Secondly, in traditional houses it is presumed that the 
mothers still practice traditional ways of rearing children 
which lack good hygiene and sanitary habits. Consequently, 
it is very probable that these infants are more at risk to 
disease and infection. A further examination of this 
phenomenon can be carried out by controlling for sanitation 
facilities, source of drinking water, and socio-economic 
variables that will be discussed later.
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Thirdly, low IMR is more likely to be attributed to 
high quality housing rather than floor density. The non- 
traditional or new houses that are mainly located in urban 
areas have less room space per person. Nevertheless, they 
were constructed following health requirements (laws), such 
as recommended material for floors, walls, and roof, the 
presence a of lavatory with septic-tank and water supply. 
Most importantly they have adequate air circulation through 
windows and ventilation. This kind of house is provided by 
the government through PERUMNAS, an Indonesian national 
housing programme. This programme was introduced to assist 
the upper-middle income group to buy houses on credit, (see 
Chapter II) . Therefore, it is understandable that among 
this type of housing the level of infant mortality is low.
Another study in West Java and Indonesia as a whole 
(Adioetomo, 1985) shows that the larger the floor-space, the 
lower the IMR. This, however, might not be applicable in 
every province in Indonesia. In other words, North Sumatera 
may be a different case due to the different type and 
quality of houses. In Java, for example, the population 
density is very high. Consequently, people tend to build 
smaller, less traditional, but higher quality houses as 
compared to less density populated areas. In contrast, North 
Sumatera has low population density and has many large 
traditional houses. It can be concluded, then, that these 
different findings are quite understandable.
4.3. Impact of Lavatory Facility on Infant Mortality 
Rate
The quality of lavatory facilities is used to measure 
the level of sanitation. Table 4.3 shows that the level of 
infant mortality has a strong relationship with types of 
lavatories used. It is found that the better the lavatory 
facility, the lower the infant mortality rate.
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Table 4.3.
Level of Infant Mortality According to 
Lavatory Facilities, North Sumatra, Indonesia, 1980
LAVATORY INFANT
MORTALITY RATE
CONFIDENCE
INTERVAL
N
OWN 0.056 0.007 3944
(WITH SEPTIC TANK)
OWN 0.084 0.005 14468
(NO SEPTIC TANK)
SHARED OR PUBLIC 0.091 0.004 21870
Note: N = Number of Children Ever Born of Women
Aged 25-29
Source: Primary Analysis of Census Data Tape, Indonesia,
1980.
In fact, the lowest IMR occurs in the households that 
own a lavatory facility with a septic-tank for sewage 
disposal (56 infant deaths per 1000 live births), because 
that kind of household tends to have better sanitation than 
households with other types of facilities. It is easier for 
the members of the household to clean the toilet and to 
properly dispose of wastage. Accordingly, the spread of 
disease, especially those that come from human feces, can be 
prevented.
The other possible reason in this case is related to 
the socio-economic conditions. It is very likely that this 
type of facility is related to household wealth. A good 
quality house which is usually highly valued normally 
includes an approved toilet with septic-tank. The higher 
the socio-economic status, therefore, the better the 
sanitation facility, indirectly causing a lower level of 
infant mortality.
The households that own a lavatory without septic-tank 
have a substantially higher IMR (84 infant deaths per 1000
41
live births) than those with septic-tank (about 56 per 1000 
live births) . The main reason for such a high level is 
related to the fact that that kind of household probably has 
improper sewage disposal. Consequently, the possibility of 
spreading disease is higher. Moreover, improper sewage 
disposal can lead to dirty stagnant waters making the 
household surroundings unsanitary. These stagnant waters 
are a good place for mosquitoes to breed, also flies carry 
gastro-intestinal diseases. Accordingly, the incidence of 
mosquito-related diseases, such as malaria that could be 
fatal diseases for infants, is getting higher, (see Cross et 
al., 1976).
Similarly, the spread of the diseases through insect 
vector might happen in the households that use shared, 
public, or other lavatory facilities. However, the 
confidence limit of the IMR shows that the difference 
between the IMR of the households that own lavatory facility 
without septic-tank and those who use shared or public or 
other lavatory could be due to the random variations.
The main problem seems to be lack of proper sanitation. 
The households that shared their lavatory tended to have a 
high risk of catching contagious diseases from their sharing 
households if the sharing households caught the disease. 
The risk becomes higher for those who use public or other 
lavatories. Therefore, it is understandable that the IMR in 
those households is the highest.
The study by Streatfield and Korzy (1987) in East Java 
also shows a similar pattern to these findings. Their 
findings of IMR using this variable range from 80 infant 
deaths per 1000 live births for private toilets with septic- 
tank to 111 infant deaths per 1000 live births for those who 
use shared or public or other lavatories. These findings 
are higher than in North Sumatra, because the mortality 
level in East Java in 1980 (99 infant deaths per 1000 live 
births) was generally higher than that of in North Sumatra
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(89 infant deaths per 1000 live births) in the same year 
(see Sumantri, 1983).
4.4. Impact of Source of Drinking Water by Crowding 
on Infant Mortality Rate
Table 4.4. shows how the households source of drinking 
water and crowding has an impact on the IMR. The pattern 
of IMR according to the source of drinking water among the 
households which have less than seven square metres per 
person is similar to the general pattern.(see Table 4.1.). 
This pattern is also similar for other crowding categories. 
These findings indicate that the impact of different 
crowding categories is not as strong as the impact of source 
of drinking water on IMR. This is plausible, because 
drinking water has a direct impact on the health of infants, 
whereas crowding has an indirect impact.
The IMR for the households that have less than seven 
square metres per person ranges from 64 to 98 infant deaths 
per 1000 live births. As expected, in this type of 
household those with piped-water had the lowest IMR. On the 
other hand, the highest IMR was found for the households 
that use river water or rain water as the source of drinking 
water. The similarities with different degrees of crowding 
can be interpreted to indicate that deaths caused by water­
borne diseases have stronger impact on IMR than those caused 
by air-borne diseases.
On one hand, this could be because the people who live 
in crowded conditions have more tendency, and are better 
able to prevent the spread of air-borne diseases by cleaning 
up the area and allowing better air circulation.
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Table 4.4
Level of Infant Mortality According to Source of Drinking Water 
and Crowding Intensity, North Sunatra, Indonesia, 1980.
SOURCES iOF DRINKING WATER
LKUWU 1 rivj
TAP BORE WELL SPRING RIVER & 
RAIN
LESS THAN 7 SQUARE METRES (I)
IMR 0.064 0.070 0.085 0.077 0.098
Confidence Interval 0.011 0.022 0.005 0.008 0.009
N 1871 522 13285 4116 4301
GREATER THAN OR EQUALS TO 7 
& LESS THAN OR EQUALS TO 
SQUARE METRES (II)
IMR
15
0.068 0.087 0.093 0.090 0.093
Confidence Interval 0.012 0.027 0.006 0.014 0.013
N 1768 426 7796 1612 1904
GREATER THAN 15 SQUARE METRES (III)
IMR 0.054 0.093 0.099 0.121 0.120
Confidence Limit 0.018 0.048 0.019 0.039 0.039
N 591 141 982 265 262
Note : N = Number of Children Ever Born of women aged 25-29
Source: Primary Analysis of the 1980 Indonesian Census Data Tape.
On the other hand, it is difficult for the households that 
use the available source of drinking water to change it to a 
better one. The change is difficult because it depends on 
the economic and environmental conditions. The better off 
people who live in urban areas can easily obtain piped- 
water, whereas, people who live in remote or rural areas can 
not benefit from such a facility.
The provision of piped-water is quite limited, even in 
the developed areas like East Java. The study by 
Streatfield and Korzy (1987) in East Java shows that the 
distribution of piped-water in 1980 was only about eight per 
cent of the total drinking water facilities. Likewise, the 
construction of pumps, especially in the rural areas, is 
very costly. Controlling for other crowding facilities, it
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can be found that the quality of water supply is negatively 
correlated with the IMR. Lack of provision of a better 
source of drinking water, then, becomes the major constraint 
in reducing the level of infant mortality; better quality of 
drinking water is essential in reducing IMR.
4.5. Impact of source of drinking water by 
lavatory facility on IMR
In North Sumatra, and also in Indonesia as a whole, 
under normal conditions source of drinking water is 
generally related with the type of lavatory facility. The 
type of lavatory facility also has a relation with the type 
of housing and environmental conditions. The confidence 
intervals show that only the IMR of the households that use 
piped-water is significantly different from that of well- 
water, whereas the others can be due to the random 
variations.
It is very rare for traditional houses to have 
lavatories with septic-tanks, because according to the 
definition in the census questionnaire a septic-tank is a 
sealed tank placed underground. This kind of sewage 
disposal technology comes from developed countries, 
therefore, it is mostly found in the 'developed' areas.
People who use this kind of lavatory mostly obtain 
their drinking water from piped-water, well-water, or bore- 
water. Therefore, as shown in Table 4.5, the households 
that own a lavatory use only those sources of drinking 
water. The use of other sources of drinking water is so 
rare that it can be neglected.
Table 4.5.
Level of Infant Mortality According to Source of Drinking Water 
and Lavatory Facilities, North Sumatra, Indonesia, 1980.
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SOURCES OF DRINKING WATER
LAVATORY .................................................
FACILITY TAP BORE WELL SPRING RIVER &
RAIN
OWN SEPTIC TANK
IMR 0.043 0.048 0.065 * 0.070
Confidence Interval 0.010 0.032 0.011 0.039
N 1636 175 1892 77 164
OWN NO SEPTIC TANK
IMR 0.063 0.069 0.086 0.077 0.077
Confidence Interval 0.014 0.023 0.005 0.021 0.015
N 1150 482 11022 607 1181
SHARED/PUBLIC/OTHERS
IMR 0.082 0.070 0.096 0.095 0.103
Confidence Interval 0.014 0.024 0.006 0.008 0.008
N 1450 435 9138 5278 5132
NOTE: 1) *) Number of cases is small
2) N = Number of Children Ever Born of Women aged 25-29
Source: Primary Analysis of Census Data Tape, Indonesia, 1980.
Furthermore, the table exhibits the differentials of IMR 
according to sources of drinking water and lavatory 
facility. Among the households that own a lavatory with 
septic-tank, the IMR ranges from the lowest figure of 4 3 
infant deaths per 1000 live births for those who use piped- 
water to the highest of 70 infant deaths per 1000 live 
births for those who use river or rain-water. Again, this 
indicates that the increased quality of drinking water can 
be expected to reduce the level of infant deaths, because it 
is assumed that piped-water is the best.
Likewise, a similar pattern of IMR can be seen for the 
households that own a lavatory without septic-tank. Note 
should be taken, however, that the sole significant 
difference among the other IMRs for this kind of household 
only occurred between those who use piped-water and those
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who use well-water. This means that among this kind of 
household using piped-water has a stronger impact on 
reducing IMR than using well-water.
Surprisingly, the finding shows that the sources of 
drinking water for those who use shared or public or other 
lavatory facility have no significant impact on the IMR, 
because there is no significant difference of IMR for those 
who used these types of lavatory facility. This means that 
the type of lavatory facility plays a more important role 
than the type of drinking water used in these households. 
This is understandable, because the lack of sanitation has 
been so poor that disease can easily spread even though the 
household is using good quality drinking water. Very good 
cooperation is also needed among the households who use 
shared or public or other lavatory facilities to maintain 
them in a sanitary state. This situation is unlikely, 
because those who use these kinds of lavatory facility 
rarely have a sense of responsibility for keeping the 
lavatory facility clean.
This pattern is clearly reflected in the households 
that use well-water, which is the largest sample of 
respondents. The IMR ranges from 65 infant deaths per 1000 
live births for those who own a lavatory facility with 
septic-tank to 95 infant deaths per 1000 live births for 
those who use shared or public or other lavatory facilities. 
The confidence intervals show that the those who owned a 
lavatory with septic-tank have significantly lower IMR than 
others.
The findings for those who use piped-water are slightly 
different. In this case, only those who own a lavatory with 
septic-tank have a significantly different IMR from those 
who use shared or public or other lavatory facilities. 
Whereas among those who use bore-water the difference may 
only be because of random error.
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The estimation of IMR for those who use spring-water is 
not reliable, therefore it can not be compared. This is 
because the confidence interval shows a very wide range. 
Controlling for those who use river and rain water, the 
level of infant mortality is significantly lower for those 
who owned a lavatory without septic-tank compared to those 
who used shared or public or other lavatory facilities. The 
IMR of those who owned a lavatory with septic tank is not 
significantly different from others.
4.6. Impact of crowding by lavatory facility on IMR
Table 4.6 shows the levels of infant mortality for the 
households that have a combination of lavatory facility and 
degree of crowding. This combination also reflects the type 
of household (i.e. traditional or non-traditional). Using 
lavatory facilities as controlling variables, the 
differentials of IMR according to various crowding 
intensities can be seen. The pattern of the differentials 
for the households that own a lavatory with septic-tank is 
different from that of other types of facility.
Even though it is not statistically significant, an 
expected finding can be observed in the pattern of IMR 
according to the intensity of crowding for the households 
that own a lavatory with septic-tank. The IMR ranges from 
50 to 57 infant deaths per 1000 live births for the 
households that have floor space more than 30 square metres 
per person and those who have less than seven square metres 
per person respectively. The tendency is the larger the 
floor space per person, the lower the IMR.
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Table 4.6
Level of Infant Mortality According to 
Lavatory Facilities and Crowding, North Sumatra, 
Indonesia, 1980.
TTnnD SDPA
LAVATORY FACILITY
PER PERSON OWN
(WITH SEPTIC 
TANK)
OWN
(NO SEPTIC 
TANK)
SHARED/
PUBLIC/
OTHER
LESS THAN 7 SQUARE METRES 
IMR (I) 0.057 0.081 0.087
Confidence Interval 0.013 0.006 0.005
N 1244 8327 14786
GREATER THAN OR EQUALS 
& LESS THAN OR EQUALS
TO
TC
7
) 15
SQUARE METRES (II)
IMR 0.054 0.086 0.103
Confidence Interval 0.010 0.008 0.007
N 1895 5361 6351
GREATER THAN 15 SQUARE 
METRES (III)
IMR 0.050 0.100 0.113
Confidence Interval 0.015 0.024 0.028
N 782 578 489
Note : N = Number of Children Ever Born of Women
aged 25-29
Source: Primary Analysis of the 1980 Indonesian Census
Data Tape
This pattern ss suspected is only applicable to non- 
traditional houses. As discussed earlier, it is very rare 
for traditional houses to own a toilet with septic-tank. It 
can be concluded, then, that the conventional wisdom about 
the relationship between mortality and floor space per 
person is only applicable to non-traditional houses.
It seems that the traditional houses generally have 
lavatories without septic-tanks or shared or public or other 
lavatories. The patterns that can be observed in the other 
two types of lavatory facility show that the larger the 
floor space per person, the higher the IMR. The confidence 
limit, however, shows that the impact of crowding controlled
49
by lavatory facility without septic-tank on IMR is not 
significant. The difference of IMR could be due to random 
error. It can be concluded, then, that owning a toilet with 
septic-tank has a stronger impact on IMR than crowding.
The pattern of IMR for those who use the lowest 
category of lavatory facility indicates a slightly different 
pattern from the others. The IMR for those who had less 
than seven square metres per person is significantly lower 
than those who had between 7 and 15 square metres per person 
in a household. However, the direction of the tendency is 
opposite to what was expected. The unexpected tendency is 
possibly related to the location of the respondents, because 
housing in the urban areas tends to be crowded and have 
improper sewage disposal systems. These unsanitary 
conditions might lead to have high level of infant 
mortality.
Using crowding as the controlling variable, the 
tendency is observed that the better the sanitation 
facility, the lower the IMR which can be expected. The 
confidence limit also indicates a similar tendency. 
Nevertheless, a slightly different pattern does exist. For 
the households that have floor space less than seven square 
metres per person and those who have more than 15 square 
metres per person, for example, only those who have a 
lavatory with septic-tank have a significantly lower IMR. 
Whereas for the households under the other category of 
crowding, significant difference of each IMR can be 
observed. It can be concluded that the type of lavatory 
facility has the strongest impact on IMR upon households 
that have between 7 and 15 square metres per person.
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CHAPTER V
IMPACT OF SOCIO-ECONOMIC STATUS 
THROUGH HOUSEHOLD ENVIRONMENTAL FACTORS ON 
INFANT MORTALITY RATE
Mosley and Chen (1984) state that socio-economic status 
is an indirect factor that influences the level of childhood 
mortality. In their proposed 'proximate determinants' 
framework they say that the influence of socio-economic 
status can only operate through intermediate variables. One 
of the proximate determinants that directly affects the 
level of childhood mortality is environmental conditions. A 
household is the closest environment of a new-born baby that 
has strong influence on its survival. The following chapter 
explores how socio-economic variables have impact on the 
infant mortality rate through household environmental 
conditions. The socio-economic variables included in the 
study are maternal education, housing materials, and 
household possessions, while the household environmental 
conditions are measured by source of drinking water, 
crowding, and lavatory facility as discussed in the previous 
chapter.
5.1. Impact of maternal education status according to 
source of drinking water on IMR
Maternal education undoubtedly has a significant 
relation with childhood mortality. Caldwell and McDonald 
(1981), in their study of several developing countries, 
found that the probability of dying before age two decreases 
as maternal levels of education increase. Utomo and 
Hatmadji (1983) in their narrower study in West Java and 
East Java observed a similar pattern. Using a regression 
method, they found that maternal education has a relative 
contribution of 41.5 per cent in West Java and 55 per cent 
in East Java in explaining the variation in proportions of 
children surviving. This means that the maternal education
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variable has the strongest impact on child survival. In 
relation to household environment, Merrick (1983) shows that 
the accessibility to piped water has significant impact in 
reducing childhood mortality. Also, Stephens (1984) found 
that the lowest level of childhood mortality occurred in the 
households that used piped water.
Table 5.1.
Level of Infant Mortality According to Source of Drinking Water 
and Education, North Sumatra, Indonesia, 1980
s s s s s z s z z s s s s s z s z s s z z s s s s s s s s s s s s s z s s s s s z z z z z s s s s s s s s z s s s s s s s s s s s s s s s z s s z s s s z s s s s s s s s s
SOURCE OF DRINKING WATER
OVERALL
EDUCATION TAP BORE WELL SPRING RIVER & 
RAIN
NO SCHOOL & SOME PRIM. 
IMR
(I)
0.078 0.090 0.096 0.092 0.105 0.096
Confidence Interval 0.016 0.025 0.005 0.011 0.010 0.004
N 1105 510 11088 2611 3345 18659
PRIMARY (II)
IMR 0.061 0.081 0.080 0.082 0.099 0.082
Confidence Interval 0.012 0.029 0.007 0.012 0.012 0.005
N 1545 329 6130 1986 2450 12440
BEYOND PRIMARY 
IMR
(III)
0.056 0.053 0.080 0.087 0.098 0.078
Confidence Interval 0.011 0.027 0.008 0.015 0.017 0.005
N 1588 255 4875 1404 1170 9292
Note: N = Number of Children Ever Born for Women aged 25-29
Source: Primary Analysis of the 1980 Indonesian Census Data Tape.
Table 5.1. shows how maternal education according to 
source of drinking water affects IMR in North Sumatra. The 
overall level of IMR shows that the better the education 
through source of drinking water, the lower the IMR. After 
controlling for source of drinking water the substantial 
impact of maternal education can be observed between those 
who had no schooling or some primary education and those who 
had primary education: The better the education of the 
mother the lower the IMR.
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This also applies to the households that used any other 
sources of drinking water, and to some extent indicates that 
mothers who had little or no primary education still reared 
their children in the traditional way. Without education or 
with very limited education mothers are unlikely to adopt 
skills, knowledge, or new ideas from different culture. 
(Behm, 1980, cited in Stephens).
In North Sumatra, as in other parts of Indonesia, 
education can not be easily obtained for those who live in 
remote areas or isolated villages, which are often 
traditional villages. This kind of village is common in 
North Sumatra, especially among Bataks. Different villages 
are inhabited by different 'marga' (clans) and are very 
likely to have different traditions, especially those that 
relate to rearing children. Therefore, not surprisingly, 
the provision of education for mothers could greatly change 
the way of rearing children, and hence as Caldwell (1979) 
expresses, the mothers would be less 'fatalistic' about 
illness. The more educated mothers tend to treat, to fetch, 
and to store drinking water in a more hygienic way.
Less substantial impact of maternal education can be 
seen comparing those who had primary education and those who 
had beyond primary education. For those who used well- 
water, or river or rain-water the same levels of infant 
mortality between the two levels of education are observed. 
However, the levels of IMR for those who used well-water 
were lower than for those who used river or rain-water, 
because the quality of water supply plays a more important 
role than the treatment fetching, or storage habits that are 
associated with maternal education. The mothers do not need 
special skills, or education more than primary school in 
order to keep (in a proper storage or container) , to treat 
(by boiling), and then to use hygienic drinking water.
Furthermore, the range of the difference in IMR between 
those two levels of education is only from zero to five
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infant deaths per 1000 live births, except for those who 
used bore-water. There was quite a large difference in IMR 
for the households that used bore-water between those who 
had primary and those who had beyond primary education, 
probably because those people obtained water from public 
pumps that are common in North Sumatra. It is possible that 
those who had only primary education fetched water from this 
source. On the other hand, the more educated mothers had 
private pumps. The public pumps tend to be less than the 
private ones. Consequently, the infection caused by this 
water became frequent and led to infant deaths. However, 
the difference might also be due to random error meaning 
that it is affected also by other factors. The only 
significant difference for the households that used well 
water can be observed between those who had some or no 
primary education and those who had primary education.
Among the mothers who had some or no primary education 
piped-water was the safest source of drinking water. In 
contrast, river or rain-water carried the highest risk of 
infant or child death, river-water having the highest level 
of contaminants. The pattern of IMR according to sources of 
drinking water after controlling for mothers who had some or 
no primary education is similar to the general pattern of 
IMR according to sources of drinking water. This indicates 
that among those women the source of drinking water plays a 
more important role.
An interesting finding can be observed after 
controlling for primary education (only for those who have 
primary education). Primary education has very much the 
same impact on IMR among the mothers who used bore-water, 
well-water, or spring water. In other words it can be said 
that those mothers were able to treat the water in such a 
way as to produce effectively the same quality of drinking
water.
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Among the educated mothers, as can be seen after 
controlling for 'beyond primary education', the lowest IMR 
occurred for those who used piped-water and bore-water. The 
level increases among the other sources of drinking water 
thereafter. This means that the impact of increasing 
education from primary to higher education is obvious among 
the mothers who used bore-water as drinking water. In 
contrast, there is no impact or only a slight impact of 
change in level of education from primary education to 
beyond primary education.
In general, it can be said that the better the 
education associated with higher quality drinking water, the 
lower the IMR. The confidence limits show that the 
significant difference can only be observed between (1) 
those who used piped-water and river or rain-water among 
those who had 'some or no primary education'; (2) those who 
used piped water and well-water, well-water and river or 
rain-water among those who had 'primary education'; and (3) 
those who used piped-water and well-water, spring water and 
river/rain-water among those who had 'beyond primary 
education' . It can be concluded that piped water is the 
safest source of drinking water regardless of the education 
of the mother.
5.2. Impact of Housing Materials according to 
Source of Drinking water on IMR
Even though there are other relevant indicators, under 
normal circumstances the quality of housing can be used as a 
measure of socio-economic status that is related mainly to 
income of the family or individual (Bradley and Johnston, 
1979 cited in Kristanto, 1983:22). Several studies have 
shown that the better the quality of housing, the lower the 
level of childhood mortality (U.N., 1961; Suharto and Way, 
1975; Conception, 1979; and Kadarusman, 1982).
55
However, note should be taken that these studies use 
different categories in identifying the quality of housing 
conditions. The housing quality in this study is based on 
the combination of floor, wall, and roof materials derived 
from the CBS (1975:xiv) (see Appendix 1).
In order to see the impact of housing materials 
according to the source of drinking water, it is worthwhile 
to control the variables with source of drinking water. This 
is because even though some households have the same source 
of drinking water, it is suspected that the better houses 
have a lower IMR. The findings can be seen in Table 5.2.
Table 5.2
Level of Infant Mortality According to Source of Drinking Water 
and Housing Material, North Sumatra, Indonesia, 1980.
SOURCE OF DRINKING WATER
OVERALL
MATERIAL TAP BORE WELL SPRING RIVER & 
RAIN
GOOD HOUSING MATERIAL (I)
IMR 0.051 0.069 0.065 0.080 0.091 0.062
Confidence Interval 0.011 0.035 0.011 0.047 0.042 0.007
N 1538 202 1968 128 183 4019
MEDIUM HOUSING MATERIAL (II)
IMR 0.067 0.086 0.082 0.095 0.091 0.084
Confidence Interval 0.011 0.024 0.006 0.010 0.010 0.004
N 2104 540 7868 3018 3358 16888
POOR HOUSING MATERIAL (III)
IMR 0.086 0.075 0.096 0.091 0.112 0.097
Confidence Interval 0.023 0.028 0.005 0.011 0.011 0.004
N 596 352 12257 2855 3424 19484
Note: N = Number of Children Ever Born for women aged 25-29.
Source: Primary Analysis of the 1980 Indonesian Census Data Tape.
A relationship between housing material according to source 
of drinking water can be seen in the overall level of IMR. 
Furthermore, the table shows that after controlling for
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source of drinking water there is a tendency for better 
housing materials, to produce a lower IMR. This proves 
that housing materials, to some extent, can be used as a 
measure of socio-economic status, because it is known that 
the better the socio-economic status, the lower the IMR (see 
Chapter II). Like other societies in the developing 
countries, the people in North Sumatra are prone to spend 
their income on basic needs first, such as food, clothing, 
and health. Once these needs are met, people start thinking 
of housing, because it can also be their status symbol in 
the society.
Better housing materials are associated with better 
drinking water. However, as can be seen in Table 5.2, an 
exception can be observed for the households that used bore- 
water as the source of drinking water. The exception is 
that the IMR of 'medium housing materials' households was 
higher than the IMR of 'poor housing materials' households.
The statistical test shows that for those who used 
bore-water and spring-water the IMRs with medium housing 
materials were not significantly different from those of 
poor housing materials. This means the difference can be 
due to the random error or was affected by other factors. 
It seems that for those who used bore-water and spring-water 
the IMRs for medium housing materials were higher than of 
poor housing materials. Those who used bore-water had an 
IMR of 8 6 infant deaths per 1000 live births with medium 
housing materials compared to 75 infant deaths per 1000 live 
births with poor housing materials. Similarly, for medium 
housing material those who used spring water had an IMR of 
95 infant deaths per 1000 live births which is not 
staistically different from 91 infant deaths per 1000 live 
births for those who used river or rain water.
The highest IMR occurred in the 'poor housing
materials' households that used river or rain-water as the 
source of drinking water. This is because rain-water that
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is mainly caught by a 'poor' roof is contaminated by dirt. 
Consequently, disease might be transmitted to the occupants 
through the drinking water.
After controlling for housing materials, a slightly 
different pattern of IMR according to source of drinking 
water appears. It is surprising that in the pattern, except 
for 'poor housing materials', households that used well- 
water had a lower IMR than those using bore-water. Again, 
the statistical test shows, however, that they were not 
significantly different. This is because the confidence 
limits of those who used bore-water were high (35 infant 
deaths per 1000 live births and 24 infant deaths per 1000 
live births under good and medium housing materials), caused 
by the small sample sizes (202 and 540 respectively). The 
figures show that for good housing materials those who used 
bore-water had 69 infant deaths per 1000 live births 
compared to 65 infant deaths per 1000 live births for those 
who used well-water. Similarly, for medium housing material 
those who used bore-water had 86 infant deaths per 1000 live 
births compared to 82 infant deaths per 1000 live births for 
those who used well-water.
For 'poor housing materials' the highest IMR occurred 
among the households that used bore-water, revealing that 
the environment surrounding the bore-water was quite good in 
sanitation compared even to piped-water. This is plausible, 
because it is common in Indonesia for poor people to share 
public bore-water. The choice of bore-water, instead of 
piped-water, is merely a matter of accessibility or 
availability. Piped-water is only accessible and available 
in the 'developed' or 'urban' areas.
Still for the 'poor housing materials' households the 
use of spring-water led to a lower IMR than di use of well- 
water. This is logical, because spring-water among the 
'poor housing materials' households was mainly located in 
remote or rural areas. In those rural areas it is possible
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that the environment remains unpolluted, so that spring- 
water that comes out from underground is better than 
contaminated well-water.
The statistical test shows, however, that a significant 
difference among the values of IMR occurred in the 'medium 
housing materials' households that used (1) piped water and 
spring water, and (2) piped-water and river or rain-water. 
Among the 'poor housing materials' households the only 
significant difference appears between well-water and river 
or rain water. This indicates that the other differences 
might be due to random variations or other 'unexplainable' 
factors.
5.3. Impact of Household Possessions according to 
Source of Drinking Water on IMR
The study shows that household possessions can be a 
good indicator of economic status of the household. It was 
hypothesized that the better the economic conditions of the 
household, the better the quality of drinking water, and the 
lower the IMR. The impact of household possessions through 
source of drinking water can be seen in Table 5.3. (see 
Appendix 2).
As expected, the pattern of overall IMR indicates that 
the better the economic conditions according to source of 
drinking water, the lower the IMR. Furthermore, the table 
shows that after controlling for almost all sources of 
drinking water the greater the household possessions, the 
lower the IMR. This indicates that even though the same 
source of drinking water was used, still the rich people had 
the lowest IMR. This means that economic conditions had 
stronger impact than the type of drinking water in reducing 
IMR. McNicoll (1982) points out that the improvement in 
economic conditions can reduce the mortality level. 
However, other authors like Preston (1975) and Flegg (1982)
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state that the relationship, especially between income and 
mortality, is indirect. Meegama (1986) found that one of 
the direct factors that could reduce mortality level was the 
form of water supply. (see also Literature Review in 
Chapter II). The findings, not surprisingly, are similar to 
the experience of other countries in the world.
Table 5.3.
Level of Infant Mortality According to Source of Drinking Water 
and Household Possessions, North Sumatra, Indonesia, 1980.
HOUSEHOLD
POSSESSIONS
SOURCE OF DRINKING WATER
TAP BORE WELL SPRING RIVER & 
RAIN
POOR
IMR 0.075 0.090 0.096 0.090 0.108 0.096
Confidence Interval 0.017 0.012 0.002 0.003 0.004 0.005
N 959 304 7781 3655 3725 16424
MEDIUM
IMR 0.064 0.083 0.081 0.087 0.091 0.081
Confidence Interval 0.011 0.023 0.005 0.012 0.011 0.004
N 2053 546 11115 2055 2807 18576
RICH
IMR 0.053 0.069 0.073 0.082 0.095 0.071
Confidence Interval 0.013 0.032 0.009 0.032 0.028 0.007
N 1226 244 3197 291 433 5391
Note : N = Number of Children Ever Born for Women Aged 25-29.
Source: Primary Analysis of Census Data Tape, Indonesia, 1980.
After controlling for economic conditions of the 
household, piped water was the safest source of drinking 
water. Poor households that used spring water had a lower 
IMR than those that used well-water. This is attributable 
to the location of the spring. It is most likely that the 
springs were in the rural areas that still had an un­
contaminated environment, with better quality water compared 
to well water. The households that used river or rain 
water, as expected had the highest risk of infant mortality.
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In contrast, even though the difference is not 
statistically signifinant, well-water is better than spring 
water or bore water can be observed among those with 
'medium' or 'rich' economic conditions. In other words 
under these economic conditions the use of well-water was 
the safest after piped-water. This is quite interesting 
because the households in that category were the majority in 
the sample, representing the majority of the population. In 
fact, a significant difference can be observed only between 
(1) piped-water and well-water; (2) piped-water and spring- 
water; and (4) piped-water and river or rain-water. The 
value of IMR for piped water was significantly lower than 
the others.
The pattern of IMR according to source of drinking 
water after controlling for the highest economic status 
variable shows also that those who used well-water had a 
lower IMR than spring water users. Furthermore, the higher 
the economic status of a household, the better the quality 
of well can be expected, especially in relation to childhood 
mortality. Among the 'rich' the safest source of drinking 
water was still piped-water. Bore-water also seemed to be 
safer than well-water. Those who used river or rain water, 
surprisingly, had a higher IMR than the 'medium' group. The 
better the water, the lower the level of mortality.
5.4 Impact of Maternal Education according to 
Crowding on Infant Mortality Rate
As discussed before, there is an unexpected inverse 
pattern found with this variable. This is suspected to be 
attributable to the type of houses, traditional houses in 
particular. However, further observation is needed to 
confirm the idea. The following three sections will discuss 
the variable controlling for maternal education; housing 
materials; and household possessions.
The impact of maternal education through crowding is 
exhibited in Table 5.4. It can be seen by examining the
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overall levels of IMR. The levels showed that there was a 
tendency for decline in mortality level if the education was 
improved. As expected, after controlling for crowding, 
there was a general tendency for a higher level of education 
of the mother to result in a lower level of infant 
mortality. This can be observed especially among those who 
lived under medium or low intensity of crowding. The 
tendency showed that maternal education was very influential 
in reducing IMR through crowding, especially the change from 
having some or no primary education to having primary 
education.
Table 5.4.
Level of Infant Mortality According to Crowding and
Education, North Sumatra, Indonesia, 1980.
EDUCATION
CROWDING INTENSITY
OVERALL
HIGH1) MEDIUM2) LOW3)
NO SCHOOL & SOME PRIM.(I) 
IMR
Confidence Interval 
N
0.090
0.00512117
0.105
0.0085867
0.116
0.024662
0.096
0.004
18646
PRIMARY (II)
IMR
Confidence Interval 
N
0.082
0.006
7334
0.082
0.008
4301
0.093
0.020
776
0.083
0.005
12411
BEYOND PRIMARY (III) 
IMR
Confidence Interval 
N
0.085
0.008
4969
0.071
0.009
3465
0.065
0.017
830
0.078
0.005
9264
Note : N = Number of Children Ever Born for
Women Aged 25-29
^  floorspace per person less than seven square 
metres
2) floorspace per person seven to fifteen square 
metres
3) floorspace per person more than fifteen square 
metres
Source: Primary Analysis of the 1980 Indonesian Census Data
Tape.
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The improvement from primary education to beyond 
primary education had an impact on increasing the chance of 
child survival only among those who lived in medium or low 
intensity of crowding.
The findings indicate that the improvement from primary 
to beyond primary education can be expected to have a 
positive impact on preventing infant death only if the 
household is not too crowded (less than 7 square metres per 
person). Because among the very crowded households no 
significantly different impact between those who had primary 
education and those who had beyond primary education is 
observed.
Another possible factor was the location of residence. 
Even though it is not statistically different, a higher IMR 
for those who had beyond primary education than those who 
had primary education is observed. This is probably because 
the household was crowded, especially in urban areas, that 
the spread of disease is so fast among the members of the 
household. Consequently, the different level of education 
between primary and beyond primary will not make any 
difference in preventing child or infant death.
An interesting finding can be observed after 
controlling for maternal education. For those who had no or 
some primary education the pattern of IMR according to the 
intensity of crowding indicates that the larger the space 
per person in the household the higher the IMR, possibly 
attributable to the traditional houses in association with 
the traditional way of rearing children. Therefore, since 
the traditional way of rearing children has relatively high 
risk of child loss, the IMR in this kind of household is 
very likely to be high.
It is believed that after introducing formal education, 
the conditions will be changed. After controlling for
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primary education, a slightly different pattern with lower 
values of IMR is observed. No different impact of crowding 
on IMR can be seen between the households that had less than 
7 square metres per person and 7-15 square metres per 
person.
Even though it is not statistically different, the 
highest IMR is observed among those who had room more than 
15 square metres per person with less than completed primary 
education. However, the improvement in education has been 
shown to reduce IMR: the higher the education, the lower the 
IMR. Other factors, such as the way of rearing, children 
might cause the reduction.
After controlling for crowding to beyond primary 
education, the expected pattern of IMR according to the 
intensity of crowding is observed. Adioetomo (1985), found 
that the larger the space the higher the level of infant 
mortality. This was only confirmed in North Sumatra among 
those who had below primary education. Surprisingly, a high 
level of education played an important role in reducing IMR 
regardless of the the intensity of crowding of a household. 
Mothers with high education are more likely to be able to 
communicate or to receive necessary information about 
household hygiene. Consequently, it is easier for them to 
keep the households clean.
5.5 Impact of Housing Materials according to 
Crowding on IMR
As mentioned earlier, the quality of housing materials 
normally reflects the level of socio-economic status in the 
society. Traditional houses in North Sumatra use mainly 
wood for the floors and walls, and fibre of palm trees or 
zinc for the roof. Therefore, they are mostly included in 
the 'medium housing materials' or 'poor housing materials' 
categories, (see Appendix 1) The following section will 
discuss the impact of the type of houses according to 
crowding on IMR. The findings can be seen in Table 5.5.
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Table 5.5
Level of Infant Mortality According to Crowding 
and Housing Materials, North Sumatra, Indonesia, 1980.
HOUSING
MATERIALS
CROWDING INTENSITY
HIGH1) MEDIUM2) LOW3) OVERALL
GOOD HOUSING MATERIAL 
IMR (I) 0.061 0.061 0.060 0.061
Confidence Interval 0.012 0.011 0.017 0.007
N 1418 1862 727 4007
MEDIUM HOUSING MATERIAL (II)
IMR 0.071 0.084 0.099 0.078
Confidence Interval 0.005 0.006 0.018 0.004
N 8742 7064 1044 16850
POOR HOUSING MATERIAL 
IMR
(III)
0.091 0.110 0.119 0.096
Confidence Interval 0.005 0.009 0.028 0.004
N 14260 4704 497 19461
Note : N = Number of Children Ever Born for Women Aged 25-29 
^  floorspace per person less than seven square 
metres
2) floorspace per person seven to fifteen square 
metres
3) floorspace per person more than fifteen square 
metres
Source: Primary Analysis of the 1980 Indonesia Census Data
Tape.
The overall IMR shows that the better the housing 
material according to crowding intensity, the lower the IMR 
that can be expected. After controlling for crowding, the 
table shows that, generally, the better the housing 
materials, the lower the IMR that can be expected. The 
statistics also show that almost all values are 
significantly different, except for those who had 'good 
housing materials' and 'medium housing materials'; and 'poor 
house materials' and 'good housing materials' under 'low 
intensity of crowding'. This indicates that the type of 
houses has strong relation with infant deaths. 
Surprisingly, the relationship between housing materials
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according to crowding intensity IMR shows that the better 
the housing materials, the lower the IMR.
After controlling for housing materials some different 
tendencies are observed. The size of floor-space per person 
has no impact on IMR after controlling for 'good housing' 
materials that also reflecting healthy houses. This is 
plausible, because good housing materials, such as tiles, 
cement, or bricks are only used by 'non-traditional' houses. 
There are other old houses located in the plantation areas. 
Even though those houses are old (some of them were built 
before World War II) they are still well maintained. They 
were built in a Western style, and used to be inhabited by 
Dutch people or plantation workers. They are most likely to 
be categorized as 'good materials' houses. Since the houses 
and the environment in these areas are not so crowded and 
not so polluted like 'poor' urban areas, the crowding does 
not have not significant impact on mortality. In other 
words, the impact of air-borne diseases is not as strong and 
is not related to the intensity of crowding. After 
controlling for 'medium' and 'poor' housing materials the 
pattern of IMR according to intensity of crowding is similar 
to the general pattern before the controls were introduced.
It also can be clearly observed that significantly 
different values of IMR occurred between the households that 
had higher intensity of crowding, whereas, the 'medium' and 
'low' intensity of crowding are not significantly different. 
This means that the difference could be due to the random 
variations. It also indicates that the floorspace per 
person in traditional houses lay between 'medium' and 'low' 
intensity of crowding.
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5.6 Impact of Household Possession according to 
Crowding on IMR
Household possessions are closely related to income and 
economic status of the households. However, the impact on 
IMR through crowding is still in question. This section 
analyses the question: 'Is it true that the larger the 
floor space per person in the household, the higher the 
IMR?'.
The results can be seen in Table 5.6. After 
controlling for 'housing materials', the pattern of IMR 
according to the intensity of crowding clearly indicates 
that 'poor' and 'medium' levels of economic status of the 
household had positive relationship (the larger the floor 
space per person, the higher the IMR), and 'rich' level had 
a negative (the larger the floor space per person, the lower 
the IMR) relationship between crowding intensity and IMR.
The overall IMR shows the tendency that the better the 
household possessions according to crowding, the lower the 
IMR. After controlling for households which are categorized 
as 'poor', for instance, the finding shows that only the 
poor traditional houses had the pattern. Even though it is 
not statistically significant, this is supported by the 
following finding indicating that the change of economic 
status from 'poor' to 'medium' is also followed by the 
pattern of IMR according to the intensity of crowding.
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Table 5.6.
Level of Infant Mortality According to Crowding 
and Household Possessions, North Sumatra, Indonesia,1980.
HOUSEHOLD
POSSESSION
CROWDING INTENSITY
HIGH1) MEDIUM2) LOW3) OVERALL
POOR (I)
IMR 0.091 0.115 0.122 0.099
Confidence Interval 0.005 0.010 0.025 0.005
N 11461 4276 665 16402
MEDIUM (II)
IMR 0.082 0.087 0.086 0.084
Confidence Interval 0.005 0.007 0.018 0.004
N 10763 6828 957 18548
RICH (III)
IMR 0.076 0.071 0.057 0.071
Confidence Interval 0.011 0.010 0.018 0.007
N 2196 2529 646 5371
Number of Children Ever Born for Women Aged 25-29 
floorspace per person less than seven square 
metres
floorspace per person seven to fifteen square 
metres
floorspace per person more than fifteen square 
metres
Primary Analysis of Census Data Tape, Indonesia, 
1980.
Note: N = 
1 '
2)
3 )
Source:
Among the 'rich', the expected pattern of IMR is 
observed, that the larger the space per person in a 
household the lower the IMR. Even though the statistics do 
not show any significant difference, the tendency seems to 
be indicates that the larger the room space per person, the 
richer the households and the most likely they are to be 
more healthy houses. The findings manifest that only among 
'poor traditional houses' is the positive relationship (the 
larger the floor space per person, the higher the IMR) 
between crowding and IMR observed. In contrast, the 
conventional wisdom which says that crowding and IMR have a 
negative relationship (the larger the room space per person, 
the lower the IMR) is fulfilled.
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Not surprisingly, the relationship between the level of 
household possessions and IMR after controlling for crowding 
is negative; that means the richer the household the lower 
the IMR expected. However, the pace of the decline is quite 
different. The larger the space per person, the faster the 
decline over the economic status. This reveals that the 
larger the room per person in the household the stronger the 
influence of changing economic status. Again, this might be 
due to the role of 'traditional houses', with larger space 
per person. In other words, the poverty of the households 
who lived in 'traditional houses' was the main problem that 
led to high infant mortality.
5.7 Impact of maternal education according to lavatory 
facility on IMR
Type of Lavatory facility has been proven to be closely 
related to infant mortality. The type and condition of 
lavatory facility can be used as a measure of the level of 
sanitation of the household. A study in Sri Lanka shows 
that the better the type of lavatory facility, the lower the 
level of childhood mortality (Meegama, 1986).
A study in Ghana reveals the same tendency (Stephens, 
1983). Adioetomo (1985) also proves that lavatory 
facilities of households in West Java had a negative 
relationship (the better the lavatory facility, the lower 
the proportion of child deaths) with the proportion of child 
deaths.
As described earlier, the sanitaion of lavatory 
facility of a household is essential, because poor 
sanitation of the lavatory can cause 'fecal-oral' 
transmission of disease. Many households, unfortunately, 
still neglect the importance of such knowledge, and among 
many traditional households such a health hazard is not 
realized.
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The following three sections will discuss the impact of 
maternal education, housing materials, and household 
possessions through the effect of lavatory facility on IMR. 
Lavatory facilities are categorized into three: own lavatory 
with septic tank, own lavatory without septic tank, and 
public or shared lavatory facility.
Table 5.7 shows how maternal education has an impact on 
IMR through the effect of lavatory facility . The overall 
IMR shows that the impact of education through the presence 
of lavatory facility significantly differed between those 
who had no or some primary education and the higher level of 
education. In fact, the figures still show that the highest 
IMR occurred among the households whose mother had no or 
some primary education. Among the households that owned a 
lavatory with septic tank there is a negative relationship 
(the higher the level of maternal education, the lower the 
IMR) between IMR and maternal education. The result is not 
surprising, because as discussed earlier, the higher the 
education of the mother, the more she is likely to be 
capable of keeping the lavatory clean. Consequently, the 
chance of 'fecal-oral' infection is lower and low infant 
mortality would be expected.
A slightly irregular pattern of IMR according to 
maternal education is observed among those who owned a 
lavatory without septic-tank and those who used public 
lavatories. Among those who owned a lavatory facility 
without septic tank the lowest IMR occurred for those who 
had primary school education compared with the higher 
educated women.
There is a tendency for a woman who has beyond primary 
education to live in urban or more developed area in order 
to work. In these areas, that are usually crowded, improper 
sewage disposal due to the waste from lavatories without 
septic tanks can easily pollute or contaminate the 
environment. This, furthermore, can lead to the spread of
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disease.
Table 5.7.
Level of Infant Mortality According to Lavatory 
Facilities and Education, North Sumatra, Indonesia, 1980.
LAVATORY FACILITIES
EDUCATION ---------------------------  OVERALL
W/SEPTIC NO SEPTIC PUBLIC
NO SCHOOL & SOME PRIM 
IMR • (I)0.073 0.090 0.102 0.096
Confidence Limit 0.018 0.003 0.002 0.004
N 811 7639 10161 18611
PRIMARY (II)
IMR 0.061 0.078 0.082 0.078
Confidence Limit 0.013 0.008 0.006 0.005
N 1358 3804 7241 12403
BEYOND PRIMARY (III)
IMR 0.057 0.083 0.085 0.079
Confidence Limit 0.011 0.010 0.008 0.005
N 1775 3025 4468 9298
Note : N = Number of Children Ever Born for Women .Aged 25-29
Source: Primary Analysis of the 1980 Indonesia Census Data
Tape.
In contrast, the woman who only had primary education 
tends to live in her home town or her village that is 
sometimes far from urban areas. In these areas sewage 
disposal is such not a serious matter. Therefore, it is 
reasonable that in household who owned lavatories without 
septic-tanks the IMR for those who had primary education was 
lower than for those with more than primary school.
Almost the same pattern is evident for those who used 
public toilets. However, the difference is very small and 
statistically insignificant. Probably in using a public 
toilet no difference in education is distinguished. The 
users of the toilet were heterogenous. Therefore, the risk 
of obtaining infection for all the users is relatively 
equal.
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After Controlling for education the expected pattern of 
IMR according to the type of lavatory facility is observed. 
Since it is assumed that a lavatory with a septic-tank is 
better than without a septic-tank, and a lavatory without 
septic-tank is better than a public lavatory, it seems that 
the better the lavatory, the lower the IMR. This is not 
surprising, because to maintain a private lavatory is easier 
than to maintain a public lavatory. Also, a lavatory with a 
septic-tank is more likely to be hygienic than one without a 
septic-tank.
Some statistical significance can be observed. Firstly, 
for those who had no or some primary education there is a 
significant difference between private lavatory with septic 
tank and public lavatory; and lavatory without septic-tank 
and public lavatory. Secondly, for those who had primary 
education a significant difference can be observed between 
owning a lavatory with septic-tank and using a public 
lavatory. Finally for those who had more than primary 
education a significant difference can be observed between 
owning a lavatory with septic-tank and both a lavatory 
without a septic-tank and a public lavatory.
5.8. Impact of Housing Materials according to 
Lavatory Facility on IMR
Undoubtedly housing materials are likely to have a 
relation with the quality of lavatory facility. The better 
housing materials are expected to be related to the better 
quality of lavatory facility. However, the interesting 
thing to observe is the relationship between housing 
materials according to different types of lavatory facility 
on IMR.
Table 5.8 shows the levels of infant mortality 
according to the type of lavatory facility and the type of 
housing materials. An overall pattern of IMR shows that the
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better the housing material according to lavatory facility, 
the lower the IMR. After controlling for lavatory facility 
it can be seen that the better the housing materials, the 
lower the IMR. Even though the levels are different the 
pattern of IMR according to the type of housing materials 
for any type of lavatory facility is the same.
Table 5.8.
Level of Infant Mortality According to Lavatory Facility 
and Housing Materials, North Sumatra, Indonesia, 1980.
HOUSING
MATERIALS
LAVATORY FACILITIES
OVERALL
OWN
(W/SEPTIC)
OWN
(NO SEPTIC)
SHARED/
PUBLIC
GOOD HOUSING MATERIAL 
IMR
Confidence Interval 
N
(I) 0.054
0.010
1811
0.060
0.014
1047
0.081
0.016
1159
0.063
0.008
4017
MEDIUM HOUSING 
IMR
Confidence
N
MATERIAL (II)
0.066
Interval 0.012
1581
0.077
0.007
5092
0.083
0.00510170
0.080
0.00416843
POOR HOUSING MATERIAL 
IMR
(III)
0.078 0.092 0.102 0.097
Confidence Interval 0.022 0.006 0.006 0.004
N 552 8329 10541 19422
Note : N = Number of Children Ever Born for Women aged 25-29
Source: Primary Analysis of the 1980 Indonesian Census Data
Tape.
Likewise, a similar pattern of IMR according to the 
type of lavatory facility can be observed after controlling 
for housing materials. The finding indicates that the 
better the lavatory facility, the lower the IMR. This, 
surprisingly, applies to any type of housing materials. It 
can be concluded, then, that housing materials according to 
lavatory facility has a negative relationship with IMR (the 
better the housing materials, the lower the IMR).
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The statistics show that after controlling for housing 
materials the IMRs of the households who owned lavatory 
facilities were significantly lower compared to the others. 
In contrast, after controlling for lavatory facility the 
IMRs are significantly lower only among those who had 'good 
housing materials' and also owned a lavatory with septic 
tank. This reveals that the difference can be due to random 
variations or that tendency was influenced by other factors 
of socio-economic status.
5.9. Impact of Household Possessions according to 
Lavatory Facility on IMR
Table 5.9 illustrates the impact of household 
possessions through lavatory facility on IMR. The negative 
relationship between household possessions and IMR (the 
greater the household possessions, the lower the IMR) can be 
clearly seen in overall IMR pattern. The findings show that 
the better the household possessions according to lavatory 
facility, the lower the IMR. Similar patterns are observed 
after controlling for lavatory facility. However, the level 
is different for the type of lavatory facility. This 
indicates that households possessions according to lavatory 
facility has a strong negative relationship with IMR (the 
greater the household possessions, the lower the IMR.
It can be expected, then, that the rich households that 
owned a lavatory with septic-tank would have the lowest 
IMR. In contrast, the poor household that use public 
lavatories might have the highest IMR. The statistics also 
show that for the rich households, whatever the type 
lavatory facility used, they can expect to have by far the 
lowest IMR compared to the other households with the same 
type of lavatory facility.
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Table 5.9.
Level of Infant Mortality According to Lavatory 
Facilities and Household Possessions, North Sumatra,
Indonesia, 1930.
LAVATORY FACILITY
HOUSEHOLD
POSSESSION OWN
(/SEPTIC)
OWN
(NO SEPTIC)
PUBLIC
OVERALL
POOR (I) 
IMR 0.075 0.094 0.099 0.097
Confidence Limit 0.022 0.009 0.005 0.005
N 535 4213 11640 16388
MEDIUM (II)
IMR 0.065 0.083 0.082 0.081
Confidence Limit 0.011 0.006 0.006 0.004
N 1795 7992 8761 18548
RICH (III)
IMR 0.050 0.073 0.075 0.067
Confidence Limit 0.011 0.011 0.013 0.007
N 1614 2263 1469 5346
Note : N = Number of Children Ever Born for Women aged 25-29
Source: Primary Analysis of the 1980 Indonesian Census Data
Tape.
For the 'poor' people it was safest to own a lavatory 
with septic-tank. The highest risk of infant deaths 
occurred when they used public lavatories. The use of a 
private lavatory without septic tank had the risk of infant 
death between the two extremes.
A slightly different pattern can be observed after 
controlling for 'medium' and 'rich' in household 
possessions. The pattern reveals that owning a lavatory with 
septic-tank was still the safest way to avoid infant deaths. 
Strangely, the other types of lavatory facility had almost 
the same level both for the category 'medium' and 'rich' in 
household possessions. This indicates that the risk of 
infants' dying through using a public lavatory will be lower 
when the household is getting 'richer'. That means that the 
construction or the improvement of public lavatories is only 
affordable by those who are 'medium' or 'rich' in household
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possessions. The statistics show that by far the lowest 
IMR, as expected, was for households that owned a lavatory 
facility with septic-tank and were 'medium' and 'rich' in 
household possessions.
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CHAPTER VI
SUMMARY, CONCLUSIONS AND POLICY IMPLICATIONS
6.1. Summary
This study has examined the relationship between 
particular household environmental factors and the Infant 
Mortality Rate, in North Sumatra, Indonesia. In addition, 
since the factors are related to socio-economic status the 
study has also observed how socio-economic variables operate 
through environmental factors on IMR. The framework used in 
the study was based on the framework proposed by Mosley and 
Chen (1984). The environmental factors are 'source of 
drinking water', 'crowding', and 'lavatory facility', while 
socio-economic status is measured by the variables of 
'maternal education', 'housing materials' , and 'household 
possessions'. The source of data was the five per cent 
sample of the 1980 Indonesian Population Census.
It was hypothesized that the quality of water supply, 
household sanitation and conditions were negatively 
correlated with IMR. This means that the better the quality 
of those variables, the lower the IMR could be expected. It 
was also hypothesized that socio-economic status, indirectly 
through environmental factors, was negatively correlated 
with IMR, or that the better the socio-economic status of a 
household, the lower the IMR, which operates through 
environmental factors.
As expected, the results show that the households that 
used piped-water as the source of drinking water have the 
lowest IMR, followed by the households that used bore-water. 
An interesting finding is that spring-water and rain-water 
are safer than well-water.
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Spring-water is considered safer than well-water, 
because people who usually collect their water from a spring 
tend to keep its surroundings clean. In addition, the 
naturally uncontaminated water that comes from a spring and 
is connected by pipe to the household is included as 'spring 
water'. Likewise, rain-water that is properly caught from 
the roof is very unlikely to be contaminated, because it is 
naturally clean.
Contrary to what was hypothesized, the IMR from the 
households that have the least room space per person is the 
lowest. However, the differences between IMRs can be due to 
chance, because the differences are statistically 
insignificant. These findings could be attributed to the 
existence of large traditional wooden houses in North 
Sumatra. This is also suspected to have an indirect 
correlation with the traditional way of rearing children: 
the people who live in the traditional houses are most 
likely to have a traditional way of life as well.
The quality of a house might also be related to the 
level of infant mortality. It is believed that the better 
the quality a house, the better the sanitation of the 
household, and hence, the lower the risk of infection. In 
the case of North Sumatra, good quality houses usually have 
small amounts of floorspace per person. This is mainly 
related to the materials of the house and the size of the 
family living in the house. People tend to use good quality 
housing materials as efficiently as possible; therefore, 
there is no point in building large houses. Also, the 
standard of housing that was provided through the government 
programme is small houses. Finally, the family who lived in 
a good quality house, especially in urban areas, was larger 
than that in rural areas. Therefore, the room per person 
became reasonably small. It is understandable, therefore, 
that a small amount of floor space per person is closely 
related to a good quality of house.
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The type of lavatory facility has a strong relationship 
with IMR. The better the lavatory facility of a household, 
the lower the IMR. This is because the better the lavatory 
facility, the better the sanitation of the household. It is 
believed that the better the sanitation of the household, 
the lower the intensity of the spread of disease. 
Statistics show that the IMR from the households that owned 
a lavatory with septic tank is significantly lower than the 
other two categories.
In order to observe further, it is worthwhile to 
examine the combination of two categories in every variable. 
Therefore, the combined categories of drinking water and 
crowding, drinking water and lavatory facility, and crowding 
and lavatory facility will be observed to see the extent of 
infant mortality.
The general pattern of IMR according to source of 
drinking water remains unchanged after controlling for 
crowding. This indicates that the impact of source of 
drinking water on IMR is virtually the same for each 
category of crowding. An interesting result can be observed 
that after controlling for piped-water, the larger the floor 
space per person the lower the IMR. Note should be taken, 
however, that the finding is only significant for those 
whose houses have intensity of crowding less than or equal 
to 15 square metres per person and for those who have 
greater than 15 square metres per person. This indicates 
that those who have houses with more than 15 sq metres per 
person can expect to have lower IMR if they use piped water 
as the source of drinking water.
Similar patterns are also observed for the IMR 
according to source of drinking water after controlling for 
lavatory facility. Again, impact of source of drinking 
water on IMR is almost the same for every category of 
lavatory facility. Surprisingly, no different pattern is 
observed after controlling for source of drinking water.
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This reflects that regardless of the type of source of 
drinking water, the better the lavatory facility the lower 
the IMR that can be expected. Of course it is possible that 
most people who have toilet with a septic tank and whose 
source of water is a well would have a private well in a 
household compound, thus limiting the number of people using 
it and reducing chance of contamination.
After controlling for crowding, no different pattern is 
observed. In each category of crowding the pattern 
indicates that the better the lavatory facility, the lower 
the tendency for IMR. This tells us that lavatory facility 
has the same impact on IMR in every category of crowding. 
On the other hand, a very interesting pattern is observed 
after controlling for lavatory facility. It shows that for 
those who owned lavatory with septic tank the larger the 
number of person in a household, the lower the IMR is 
observed. However, it does not apply to the other two 
categories of lavatory facilities. This indicates that a 
lavatory facility with septic tank plays a more important 
role in reducing IMR than the intensity of crowding. This 
means that regardless of the type of the house, as long as 
it has a lavatory with septic tank, the larger the floor 
space per person, the lower the IMR.
The socio-economic status that operates through 
environmental factors were also examined. This is 
important, because by doing this the social response can be 
investigated. Not surprisingly, it is found that socio­
economic status that operates through source of drinking 
water has negative relation with IMR (the higher the socio­
economic status, the lower the IMR) . This can be explained 
that socio-economic status has a positive relation with the 
quality of drinking water (the higher the socio-economic 
status, the the better the quality of drinking water), and 
source of drinking water has a negative relation with IMR 
(the better the quality of source of drinking water, the
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lower the IMR).
The variable crowding, as found before, shows a 
tendency that the larger the floor space per person, the 
higher the IMR. After controlling for socio-economic 
variables, a different pattern is observed. The findings 
show that after controlling for the highest socio-economic 
status, the relationship between crowding and IMR is 
negative or no statistically different in every crowding 
category. This indicates that the negative relationship 
between crowding and IMR is not applicable to the highest 
socio-economic status, especially for 'maternal education' 
and 'household possessions' variables.
After controlling for socio-economic status, the 
findings indicate that the better the socio-economic status, 
and hence the lavatory facility, the lower the risk of 
infants dying in a household.
6.2 Conclusion
Some concluding remarks can be made from the analysis:
1. The source of drinking water can obviously be 
categorized as piped-water and non-piped water. The quality 
of piped water is better than non-piped water, and 
therefore, is thought to be the safest source of drinking 
water. The socio-economic variables have a positive 
relation with the quality of drinking water which has a 
negative relation with IMR.
2. The impact of crowding on IMR is not significant. 
It seems that the relationship between the intensity of 
crowding and IMR is positive (the larger the floor space per 
person, the higher the IMR). However, after controlling for 
the highest socio-economic category the impact is not 
significant.
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3. A strong relationship between socio-economic 
variables that operate through lavatory facility and IMR is 
observed. It can be explained that socio-economic status 
has positive relation with lavatory facility (the better the 
socio-economic status, the better the quality of lavatory 
facility) and indirectly negative correlation with IMR (the 
better the socio-economic status, the lower the IMR).
It can be concluded, then, that there was a direct 
significant relation between environmental factors and 
sources of drinking water, and also lavatory facilities. 
This conclusion must take into account that there are other 
socio-economic and behavioural factors (such as personal 
illness control, baby feeding, and so on) affecting the IMR 
which could not be incorporated in this analysis (as 
mentioned in the limitations of the study, p 13) . It is 
true that the better the source of drinking water and 
lavatory facility the lower the tendency of IMR. Socio­
economic variables also have indirect negative relation with 
IMR through source of drinking water and lavatory facilities 
variables (the better the socio-economic status, the lower 
the IMR).
6.3. Some Policy Implications
Some policy implications can be considered based on the 
results of this study. The policies aim mainly at reducing 
the level of mortality, especially infant mortality. On one 
hand, it is found that piped-water was the safest source of 
drinking water. On the other hand, river-water was the 
worst source of drinking water. Some policy implications 
can be based on these findings.
Ideally, the provision of more piped-water will reduce 
the level of infant mortality. Unfortunately, for financial 
reasons it is unlikely that a wide piped-water network will 
be developed quickly. Alternatively, since about 18 per 
cent of rural population in North Sumatra still use river-
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water as the source of drinking water, encouragement to use 
other sources of drinking water will be necessary to reduce 
the level of infant mortality. The alternative sources of 
drinking water are not necessarily the costly ones, such as 
piped-water or bore-water. Since the people can not depend 
on the availability of rain-water and spring water, well 
water will be the best choice. Also, there are many ways to 
improve the quality of well water from existing wells, such 
as protecting from flooding.
It is also found that the households who had large loor 
space per person and lived in what were thought to be 
traditional houses made of wood, palm (tree) fibre, or other 
'poor' housing materials had the highest IMR. It is 
worthwhile, then, for policy makers to pay attention to such 
houses. The improvement of air-circulation is needed.
The presence of a lavatory facility with septic tank in 
every household is ideal to reduce IMR due to the lack of 
sanitation. Therefore, the development of a better sewage 
disposal system will promote the idea. In the case of rural 
areas of North Sumatra, the provision of an economically 
appropriate lavatory facility with septic tank is needed.
Regarding socio-economic factors, the improvement of 
maternal education for those who had some or no primary 
education is needed. The provision of accessible health­
care, of course, will support the reduction in infant 
mortality.
In order to reduce the level of infant mortality in 
North Sumatera, there are two types of policy implication:
1. Direct intervention: to provide good quality of 
drinking water (preferably piped water) accessible for the 
households both in urban and rural areas, and to provide 
lavatory facility with septic-tank in every household.
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2. Indirect intervention: to improve the level of 
maternal education, especially for those who only have some 
or no primary education concerning the child care.
34
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APPENDIX 2
SCORING SYSTEM FOR HOUSEHOLD POSSESSIONS
VARIABLES
NO VARIABLES SCORE
1. Home ownership status : own outright 1
else 0
2 . Ownership of long cupboard: yes 1
no 0
3 . Ownership of Brazier or yes 1
stove no 0
4 . Ownership of bicycle yes 1
no 0
5. Ownership of radio/ yes 1
casette no 0
6. Ownership of television yes 1
no 0
7. Ownership of agricultural land yes 2
no 0
The categories of households possessions are classified 
based on the total score where:
Categories Total Score
I. Poor 0 - 4
II. Medium 5 - 6
III Rich > 6
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Source : Kantor Statistik Sumatera Utara, 1983.
